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GENERAL PREFACE 


This is the fourth volume in the medical series of the Official 
History of the Indian Armed Forces in the Second World War, This 
series has been edited by Lieut.-Colonel B. L. Raina, A.M.C., under 
whose supervision the work has been completed by the Medical Sub- 
Section of the Combined Inter-Services Historical Section. 


The Historical Section was established in 1946 for the purpose of 
recording the part played by the Armed Forces of the pre-partition 
India in the various theatres of the Second World War. Even after the 
partition of India, the two countries, India and Pakistan, agreed to 
maintain the Historical Section as a joint organisation. But for this it 
- would not have been possible to complete this task. 


An endeavour has been made in these volumes to reconcile the 
requirements of the specialist with the needs of the general reader. In 
view of the large size and fairly high cost of printing such volumes, it 
has been decided to make available the three parts of this book 
separately also, Accordingly a certain number of copies of this 
publication have been split up into its three component parts of Nutrition, 
Malaria Control and Prevention of Diseases, in order to cater to the 
needs of those who may be interested only in one of these subjects and 
who may prefer a less bulky and cheaper book. 


I am thankful to Lieut.-General B. M. Rao for writing a Fore- 
word to this Volume. I must express my sense of appreciation to Lieut. 
Colonel B. L. Raina, A.M.C., Dr. B. P. Srivastava and all those who have 
contributed to this volume for the manner in which they have accomp- 
lished a difficult task. 


Bisheshwar Prasad 


FOREWORD 


_ The vital part played by preventive measures in the fight against 
disease has never before been so successfully demonstrated as during 
World War II, especially in the Eastern Theatre, where operations of war 
were carried out in areas which were notoriously disease-ridden. Asa 
matter of fact, the highly malarious and unhealthy area on the Burma 
front was deliberately selected by Lord Mountbatten to give battle to the 
enemy, depending on the efficiency of our medical services and the 
superiority of our health measures, as compared to those of the enemy. 


It was India’s responsibility to provide medical cover for the Armed 
Forces operating on its frontiers. The rapidly moving pace of military 
operations required a very big medical cover. The training establish- 
ment and research centres were correspondingly enlarged. Despite all 
these difficulties medical services of the Armed Forces carried out their 
task of affording relief to the Indian, Commonwealth and Allied fighting 
forces admirably. Their devoted work and conscientious efforts to allevi- 
ate sufferings earned for them the confidence, and affection of the 
soldiers, sailors and airmen of the Allied forces and even of the Axis 
prisoners of war. 


The narrative deals with control of diseases and disorders and is 
mainly a record of the work of the Medical Services of the Indian Armed 
Forces and the experience and lessons learnt in the field of preventive 
medicine during the fateful years of the Second World War. I am 
grateful to all the contributors and collaborators who have helped in the 
preparation of this narrative and express my appreciation of Lt. Col. B. L. 
Raina, A.M.C., Chief Collator and Editor, for his painstaking and 
commendable work. 


Finally I must express my thanks to Dr. Bisheshwar Prasad, Director, 
Combined Inter-Services Historical Section, under whose administrative 
control and overall guidance the history has been completed. 


M AO 
(B. M. RAO) 


Lieutenant General 


EFFECTS OF HEAT 525 
SALT AND WATER INTAKE FOR WORK IN HOT CLIMATES 


Apart from the question of acclimatisation of troops to hot climates 
there were certain aspects of life and work in tropical climates which 
had to be borne in mind, as their neglect led not only to inefficiency but 
often caused avoidable sickness. Between the two great wars a great 
deal of information on water and salt balance and the maintenance of 
body osmotic pressure had been collected. The fluid compartments of 
the body were demarcated, experimental studies of salt and water 
depletion were undertaken, and the great importance of maintaining the 
normal osmotic relations of the body-fluid was recognised. Water and 
salt depletion often occurs from a variety of conditions. Their implica- 
tions in the effects of heat are important to justify fuller consideration. 
The loss of water and sodium chloride from excessive sweating may cause 
dehydration which may be of two types. The first is primary dehydra- 
tion due to water depletion. This type in mild degrees, causes in- 
efficiency, but owing to the development of thirst does not progress far 
among healthy men having access to water; although among the sick 
who are too weak to ask for drinks the condition may soon lead to death. 
In the second type, called secondary dehydration, there is salt depletion, 
Thebody’s retention of extra-cellular water depends upon its salt content. 
The secondary type of dehydration is responsible for practically all the 
fatal cases grouped under the nebulous term ‘ heat exhaustion’. The 
condition is characterised by absence of thirst, and in severe cases nausea 
and vomiting are induced if attempts to take water are made. Relief 
is often obtained by the parenteral administration of isotonic saline. The 
amount required may extend up to 8 litres but should be accurately 
assessed by clinical and biochemical findings. The prevention of water 
and salt depletion in troops undergoing training or fighting in severe 
heat is thus most important. 


Water constitutes 70 per cent. of the body-weight and a great 
part of it (50 per cent. of body-weight) is intracellular fluid. Extracellu- 
lar fluid is made up of tissue fluids (i.e., the fiuid of tissues between the 
body cells) and the circulating fluids, the chief of which is plasma. The 
water in the body may be said to occur in three compartments: {i) intra- 
cellular, (ii) interstitial, and (iii) vascular. Under normal conditions 
the relative volumes of these compartments which are 35 litres, 11 litres 
and 3 litres, respectively, are kept constant by osmotic pressure of 
plasma proteins and electrolytes. Cell membranes being freely 
permeable to water, the distribution of water in the compart- 
ments depends upon the relative osmotic pressures of the fluid in each 
compartment. The maintenance of the isotonicity of the tissue fluids 
is of profound importance as changes in the tissue fluid tonicity will 
result in the accumulation or withdrawal of water from the cells. 
Water intake or Ioss first produces changes in the tonicity of the extra- 
cellular fluid. A state of osmotic neutrality is dependent upon normal 
water and salt balance, i.e., on a state in which the intake of water and 
salt covers the bodily requirements; any excessive intake of either is 
excreted. The daily output of water in an average adult in a temperate 
climate is about 2,600 cc. made up of 1,500 cc. of urine, 1,000 cc. lost 


and required evacuation of considerable numbers from the forward areas, 
A large proportion of the sick suffered from multiple deficiencies, especially 
lack of the B vitamins. Attempts to cure them with simple purified 
vitamins were generally unsuccessful. These cases, responded to improve- 
ment in rations, mainly fresh protective food and proteins of high 
biological value. The British troops under similar conditions reacted 
differently; they recovered more quickly and completely than their 
Indian compeers, and this led to the belief that the unfavourable response 
of the Indian troops to the conditions met with in the Burma campaign 
was in some way connected with the difference in the rations of the 
two groups. The poor haemopoetic reserve and poor animal protein 
intake appeared to have been mainly responsible for the breakdown of 
health of Indian troops. Over 1,000 British cases were also invalided 
for sprue and about three times as many suffered from the disease during 
1943-45, despite the fact that adequate diet was provided for them. 
It was suggested that this condition was caused by defective biosynthesis 
due to changes in intestinal flora and the breakdown of the anzymic system 
related to phosphorylation, which was in turn due to deficient co-enzymes 
embodying known or unknown members of vitamin B complex. 


The notable characteristic of the Indian ration was its deficiency 
in animal protein and vitamin content, which led to an emphasis on the 
supply of meat to Indian troops. Owing to dietary habits of troops, 
main emphasis was laid on fresh meat, but there were many difficulties 
in providing it. Although dehydrated meat was prepared in India 
for the use of Indian troops, yet it could not even touch the fringe of the 
problem. Quite early during the war the necessity was recognised of 
building up the nutritional reserves of the troops and their replenishment 
when depleted during the course of the campaign. Special feeding for 
such purposes and also for malnourished recruits was provided by the 
supply of appropriate rations. 


The morale and efficiency of the troops depend to a considerable 
extent not only on a scientifically planned dietary but on the manner of 
its preparation and presentation. Recognition of this led to improve- 


ments in catering in the Army and ultimately to the establishment of the 
Army in India Catering Corps. 


In order to lessen the strain on the food supply of the country 
the Army found it necessary to develop certain substitutes, from both 
indigenous and outside sources. By means of frequent inspections and 
analyses of food stuffs, the supply of wholesome food to the troops was 
ensured. All this introduced an unprecedented increase in the volume 


of work. These problems of administration and organisation have also 
been discussed in this volume. 


Strenuous efforts were made by the Directorate General of Industry 
and Supply and the Department of Food, to meet the demands of the 
Armed Forces. Not only were dehydrated vegetables, fruits, meat 
products and meat manufactured but also products like cheese, fruits 
and vegetables were tinned. Jams, marmalade, refined salt, white 
pepper, bacon, oatmeal, raisin and nut blocks, amla sweets, lemonade 
powder, pearl barley, yeast and yeast concentrates, egg powder, golden 


syrup, vitaminised margarine, hard boiled sw 
ects, Sugar cubes and such 
other products were also produced. = 


i A section of the present volume also gives an account of the nutrition 
problems of prisoners of war, and especially of multiple vitamin deficien- 


cies, nutritional oedema, spastic syndrome, Wernickes encephlopathy, 
burning feet, and muco-outaneous lesions. 


The second part of the present volume concerns malaria control, 
It may be recalled that malaria has played an important part in deciding 
the fate of military campaigns from very early times. The Walcherian 
expedition of 1809, the First Burma Campaign of 1824-26 and incidence 
of the disease in Macedonia, Egypt, East Africa and Mesopotamia in 
World War I 1914-18 are well known examples. During World War II, 
history once more repeated itself in Burma, the South-West Pacific, 
the Middle East, North Africa, Sicily, Italy and in East and West Africa. 
On the Indo-Burma front during 1943 and 1944, morbidity figures 
revealed that every soldier was more than once hospitalised. For every 
ten persons sick from all causes, about three to five suffered from malaria 
alone. The daily average of malaria cases in 1943 and 1944 was 5,560 
and 3,606 respectively. In three months, October to December, 1942, 
18,000 cases were evacuated from the Eastern Army. These figures, 


however, do not reflect the very high regional morbidity in certain 
formations. 


The anti-malaria organisation which was evolved during the war 
must be considered against this background. It had to cope with a 
huge and complex problem and was accordingly comprehensive in its 
scope. Anti-malaria units, malaria forward treatment units and research 
units were raised and large malaria control projects started. In Manipur 
base alone, 600 miles of drainage was constructed and maintained 
during 1944; 454,292,148 lbs. of DDT, and 800,811,335 tablets of 
mepacrine were distributed during 1944 and 1945. Ali the trcops cast 
of the line Gauhati (inclusive) Shillong (exclusive) and Chittagong 
(inclusive) were given suppressive mepacrine. New insecticides, repel- 
lents and other personnel protective measures and suppressive mepacrine 
considerably reduced the wastage of manpower due to malaria. Thus, 
in 1945 malaria incidence could be reduced to one tenth of what it was 
in 1943, and over the whole ALFSEA the malaria sick rate per 1,000 
men per day dropped from 0-95 in March, 1943, to 0:20 in March, 1945. 
According to the report, The Utilisation of Hospitals and Manpower, by the 
Operational Research Group India, in 1945 on an average 8'5 days were 
required for the treatment of a case of malaria. It may be recalled that 
during the Dardanelles Campaign in 1915, the average number of days 
spent in hospital on account of malaria was 40°6. In the Middle East 
Force in 1943 this figure was 24-4 (including stay in convalescent depots), 
and in 1944 it was 20°6. 


A large amount of work on mosquito ecology was done during the 
war. Field workers were familiar with the bionomics of most of the 
Anophelines met with in the operational areas. Some very revealing new 
observations were also made. For example, in Assam an additional 
carrier A. leucosphyrus was found in heavily wooded valleys. It was 
observed that in the pre-monsoon periods A. minimus was the carrier, 
during monsoon A. leucosphyrus carried on the transmission and after the 
rains A. minimus returned again. Two additional carriers were also 
discovered in Arakan, A. jeyporiensis var cadiensis and A. phillipinests. 


Although A. jeyporiensis appeared for a short period (March and April) 
it commenced transmission early, raising the gametocyte rate in the local 
population and enabled A. minimus, the late comer, to start intensive 
transmission. This overlapping of _two species also occurred in other 

laces like Kabaw Valley (4. minimus and leucosphyrus) and led to un- 
usually high incidence of the disease. 

The high relapse rate of benign tertian malaria and the varied and 
severe manifestations of malignant tertian malaria gave rise to serious 
problems which remained unsolved. About 50 per cent of benign tertian 
cases relapsed either within the first three months or between the sixth 
and the ninth months of the primary attack. It was difficult to decide 
whether a particular relapse was a true one or a fresh infection. The 
relapses were usually related to multiple infection, incomplete treatment 
of the primary attack and (or) deficient immunity. 


The formation of malaria forward treatment units made it possible 
to treat malaria patients as near the forward area as possible. This 
obviated the necessity of moving back a number of cases and enabled the 
malaria casualties to return to their units in reasonable time. A striking 
feature that finally emerged was that anti-larval measures were almost 
completely replaced by suppressive mepacrine and DDT in operational 
areas. Great stress was also laid on personal protective measures. Their 
rigid observance is obviously useful. In practice, the evidence avail- 
able indicates that their effectiveness was variable, and depended on the 
living condition of troops and the infectivity and biting habits of mos- 
quitoes, In stationary units and camps in Assam, these measures were 
generally successful, especially the use of mosquito-nets. In opera- 
tional areas where a large number of persons had to be on night duty, 
exposed to high infectivity rate of A. minimus, protective clothing alone 
proved to be ineffective. The incidence of malaria in the 23rd Indian 
Division in the Kabaw Valley in 1943 is an apt example. In the later 
part of the campaign the reduction in malaria, sometimes attributed to 
the personal protective measures, was probably the result of suppressive 
mepacrine and DDT spraying. 


For effective control it was obvious that mere advice and orders 
were not enough. Success depended on medical leadership, on how far 
the medical services could persuade the commanders to accept and 
enforce their advice, and to what extent the soldiers could be convinced 
of the utility of preventive measures. It was established beyond doubt 
that the incidence of malaria was directly related to the interest taken 


by the commander, the discipline enforced in a unit and education of 
the soldier. 


, That malaria influenced the conduct of the war is indisputable, 
yet it is also true that malaria was not deliberately employed as a weapon 
of war, though it was certainly reckoned with in tactical planning. 
The controversial subject of the use of malaria as a weapon of war is 
hypothetical. Nevertheless, malaria was a decisive factor in some battles 
like the one around Imphal, where the Japanese died in hundreds in 


Tamu and Kabaw Valley and l intai i : 
berinse of ene y could not maintain their supply lines 


The development of a separate anti-malaria organisation has 


given rise to some comment. It is often forgotten that the scope of 
hygiene and anti-malaria measures had widened considerably during 
the war. The urgent, manifold and difficult anti-larval operations, 
before the advent of DDT, made the task all the more exacting. It was 
obvious that the hygiene officers alone could not undertake the respon- 
sibility for both hygiene and anti-malaria operations, without affecting 
the efficiency of the one or the other. The anti-malaria organisation, as 
discussed in detail in this volume, was, therefore, developed in response 
to the pressure of circumstances. The need to eliminate malaria as the 
most dangerous foe in the campaign was urgent. “Theoretical consi- 
derations had to give way to this primary necessity. Organisationally 
the dominant need was to ensure the speediest possible development of 
an efficient plan for the conquest of malaria, and that could be ensured 
by having two parallel organisations of hygiene and anti-malaria rather 
than by expanding the former to cover the functions of both”. The 
anti-malaria and hygiene policies were, however, integrated at the 
GHQ. It must be stated that the successful tactical moves and the 
subsequent re-occupation of Burma, through highly malarious areas, 
were made possible by the anti-malaria organisation which was evolved 
during the war. ‘These are some of the subjects discussed in this volume. 
The discussion is limited to the experience in India, Burma and South 
East Asia. Clinical aspects of malaria are discussed in the volume, 
Medicine Surgery and Pathology. 


Prevention and control of diseases during peace and war are not 
very dissimilar. The incidence of all of them is likely to increase due to 
varied factors arising out of situations inherent in war. Some of the . 
communicable diseases tend especially to increase more than others if 
not adequately controlled. 


Non-battle casualties (diseases, disorders and accidents) took a 
higher toll than battle casualties. The ratio of battle and non-battle 
casualties on the Indo-Burma Front, Burma and in South East Asia 
Command was 1:240 in 1942. The effects of control measures are re- 
flected in the reduction of this ratio to 1:13 during 1945 (January- 
September). 


Malaria, dysentery, diarrhoea, venereal diseases, minor septic 
diseases, common cold and skin diseases stand out prominently as im- 
portant causes of morbidity. The increasing use of DDT not only assisted 
in control of malaria but also of fly-borne diseases. The results of use of 
DDT and sulpha drugs were reflected in the reduction of incidence of 
dysentery from 59:14 per 1,000 in 1942 to 18°71 in 1945. The valuable 
role of T.A.B. inoculation of all troops was suggested by the admission 
rate of 0:20 per 1,000 for typhoid fever in 1945. Rigid control of water 
supply, insistence on chlorination of water and the use of water sterilising 
tablets for small parties of troops probably contributed to the control of 
typhoid and also robbed other gastrointestinal diseases of their terror. 
Despite considerable traffic between India and zones where yellow fever 
was endemic India stayed free of yellow fever. For this purpose, control 
measures were enforced at airports. Mite-borne typhus presented a 
difficult problem and notable action-research work on this was under- 
taken. The use of DBP considerably helped to combat the disease. 
The incidence of venereal diseases in India was appreciably reduced 


(72:0 per 1,000 for British and 48°7 per 1,000 for Indian troops in 1944), 
The incidence was highest among troops 1n the base areas and among 
personnel on leave. The introduction of sulpha drugs, and later penicillin, 
reduced the number of man-days lost due to gonococcal infection. 
Smallpox created no problem, being controlled by vaccination and regular 
revaccination. Regular inspection and attention to bathing facilities 
kept down morbidity from skin diseases. Still, these ranked high among 
the causes of morbidity due to excessive sweating and lack of bathing 
facilities in some places. 

The War created problems both for the military and the civilian 
medical services. New problems arose and old ones were increased. 
The means to deal with them were seriously restricted. These included 
food restrictions, under-nourishment (even famine), over-crowding, out- 
break of infectious diseases, aggregation of population, lack of sanitary 
facilities, movement of troops and the civilian population and increased 
fatigue. Special care was taken to prevent spread of communicable 
diseases and introduction of yellow fever in India. 


In addition to the quarantine restrictions, mosquito control measures 
and provision of mosquito-proof hospitals at major ports and airports of 
entry, a ‘ mobilisation plan’ was prepared to take immediate action 
if a case or a suspected case of yellow fever was reported. Excepting 
cholera, which broke out in Bengal and Assam owing to the mass move- 
ment of civilian population from Burma and influx of labour from other 
provinces, the country did not have any other major epidemic. What 
affected most the health of the people was scarcity of food leading to 
famine in Bengal and near-famine in Orissa, erstwhile princely State of 
Travancore and in certain parts of Madras. Enemy action interfered 
with imports and dried up sources of rice from Burma and other far- 
eastern countries. ‘The effects would have been far more disastrous but 
for the various measures (particularly rationing) taken by the civil and 
military departments. The mass immigration of population, particularly 
from Burma, added to the difficulties. The war highlighted the major 
deficiencies in health services in the country. The civilian health in 
India (with limited number of health personnel further depleted to meet 
the requirements of the Defence Services) during the war would have 
further deteriorated but for the selfless devotion to duty of the personnel 
who succeeded throughout the country in maintaining the essential 
health services at pre-war level of efficiency. 


The account in Chapter XXXVII by no means gives a complete 
or even a near complete picture of the varied and difficult problems 
dealt with by the health departments. It gives account of a few aspects 
of problems dealt by the Civil health services. A case for a comprehen- 
sive health service for industrial worker in peace and war to maintain 
a healthy working force is prescribed in the Chapter on industrial health. 
It has been emphasised that the problems of environmental health are 
largely administrative and social rather than medical. 


This volume deals with the above, and associated problems. It 
also describes how the extent, complexity and importance of preventive 
measures led to expansion and reorganisation of hygiene services, and 
use of new types of specialist cadres and consultants. The degree to 
which such developments were successful in achieving their goals is also 


assessed. One feature stands out prominently. The success in the field 

of preventive medicine lies in (i) recognition by the administrators 
planners and those in authority of the magnitude of the impact of medicine 
on the performance of troops and the effect of medical care on the 
result of battle, (ii) the rapid extension of services on a sound organisa- 
tional base with adequate training programme and action research, 
(iii) education both of troops and those commanding them supported 
by regulatory measures. Any regulatory measures solely dependent on 
discipline without the troops understanding why they are instituted are 
not likely to give the desired results. 
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CHAPTER I 


General Considerations in Military 
Nutrition 


Experience in previous wars has shown that the efficiency of armies 
may be seriously impaired by improper feeding arrangements. The 
need for sufficient food was always self-evident, but the need for food 
of the right kind was not so obvious and was learnt only by experience. 
During World War I, units of the Indian Army in Mesopotamia were 
victims of serious outbreaks of scurvy, owing to the failure to provide 
rations with adequate antiscorbutic properties. The official history 
of the campaign recounts the measures by which this unfortunate situation 
was brought under control. 


The memory of Mesopotamia caused the military authorities to 
be much more ‘ food-conscious’ at the outbreak of World War II, and 
the administration was guided to some extent by the scientific knowledge 
which had accumulated between 1914 and 1939. It was possible at 
the outbreak of hostilities to calculate, with some precision, the nutritive 
value of rations and to predict within limits whether the fighting efficiency 
of troops could be maintained on them. Knowledge of the nature and 
effects of vitamin deficiencies caused the medical authorities to be alert 
against any repetition of the Mesopotamian crisis, and early steps were 
taken to provide supplies of vitamin C concentrate in case of the possible 
failure of fresh fruit and vegetable supplies. However, the ultimate 
nature of World War II could not be foreseen. 


The entry of Japan into the war and the rapid fall of Burma in 
1942 transformed India from a stable base, providing a relatively small 
number of troops for distant war, into an area where plans for major 
mobilisation were to be carried out under the threat of impending attack. 
This had its repercussions on every facet of Indian life. The method of 
supplying food to Indian troops in India, which was identical with that 
of peace-time up to the middle of 1943, soon began to break down, and 
was changed only when signs of nutritional failure had appeared among 
a few units. From fighting in a relatively healthy desert zone, where 
much experience of supply problems had previously accumulated, 
thousands of troops had to be transferred quickly to the malaria-infected 
jungles of Burma with thoroughly inadequate supply lines. 


NUTRITIONAL PROBLEMS 


The nutritional problems of the Army in India during World 
War II were threefold. Firstly, the needs of Indian soldiers for intensive 
training and jungle warfare had to be determined. Secondly, food 
capable of meeting these requirements had to be delivered to the units. 
Thirdly, production had to keep pace with the rapidly increasing 
demands. Each problem had its own limitations. The theoretical dietary 
needs of soldiers in training were very much greater than those of Indians 
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in civil occupations. Very little was also known about food require- 
ments under conditions of heavy exposure to disease. Delivery of food 
in a fit condition to eat over long and difficult supply lines was not easy, 
and many tinned and dehydrated substitutes were neither easily avail- 
able nor readily acceptable to Indian troops. The development of long- 
distance jungle patrolling without fixed supply lines involved the im- 
provisation of light rations which a man could carry, and on which 
he could subsist for relatively long periods. Food production and 
manufacture had to be increased in a country with little experience of 
modern methods, and from a land producing food barely sufficient for 
its rapidly growing population. For much of the time little relief from 
imported supplies could be obtained. Food for the army had also to be 
considered in relation to the needs of the civil population. 


The fall of Burma in 1942 had resulted in the cutting off of rice 
supplies from that country. The year 1942 was marked by political 
unrest and that of 1943 by the Bengal Famine; yet for the army these 
were the years of transition from almost peace-time conditions to those 
of a full scale modern war. During 1944 and 1945 the efforts began to 
bear fruit; more liberal aid from overseas became available and the 
Indian Army found itself able to withstand the strain of the final Japanese 
attack and its re-entry into Burma. 


The ration scales used by the army at different times were necessarily 
a Compromise between those which the Director of Medical Services 
(DMS) in India thought were theoretically desirable and those which 
the Quarter Master General (QMG) could supply. The theoretical 
needs of troops were estimated partly from standards set up by various 
scientific authorities and partly from current observation of levels of 
health under the prevailing conditions of service. Experience quickly 
showed that uncritical acceptance of standard recommendations of food 
requirements—usually intended to apply to the civil populations of other 
countries—was Insufficient. In some cases, no obvious impairment of 
health occurred when the food intake of troops was far below the orthodox 
requirement level, e.g., in the case of vitamins A and C. In other cases 
although apparently adequate levels of supply were easily maintained, 
diseases resembling those caused by primary dietary deficiency occurred. 
Troops heavily exposed to malaria and other infections tended 
to develop conditions resembling serious but atypical deficiericy disease, 
the prevention and cure of which were major problems. The advisers 
of the DMS in India were themselves not infrequently in disagreement 
about the best means of dealing with these novel situations. Discussion 
on a theoretical plan was, however, usually cut short by the hard realities 
of a very difficult supply position. The problem generally resolved itself 
into one of making the best use of what could be provided in a reasonable 


= rather than one of obtaining agreement of experts on theoretical 
needs. 


POLICY UNDERLYING MILITARY NUTRITION 


_ The policy in respect of military nutrition in India was based on 
considerations somewhat as follows: The intake of food at optimal 
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level produces in the soldier the highest level of health and 
vitality; his nutritional reserves under such conditions are full "and 
he attains the highest degree of fighting fitness. Under conditions 
of sub-optimal feeding depletion of nutritional reserves takes place, 
resulting in impaired vitality; the soldier’s capacity to withstand 
the stress of battle is reduced and his powers of recovery from disease 
diminished. Troops are, however, still fit to fight though not at full 
efficiency. When feeding reaches a level below the sub-optimal, signs 
and symptoms of specific deficiency disease begin to appear resulting in 
serious impairment of health, hospitalisation and even death. A few 
corollaries arose naturally from such conceptions. The first was related 
to the necessity of feeding soldiers at optimum level, if the conditions of 
campaign were expected to result at some future period in the reduction 
of food available to troops when they must necessarily fall back upon their 
bodily nutritional reserves; vice versa, such troops had to be fed at optimum 
level on their return from the campaign. The second was concerned 
with the desirability of not depleting the nutritional reserves during train- 
ing, if military necessity made reductions in rations imperative. The third 
pertained to the value of the habitual use of animal protein in diet in 
aiding the process of recovery to normal health when troops were exposed 
to such diseases as malaria, dysentery and ancylostomiasis which cause 
severe depletion of nutritional reserves and the consequent need for 
special feeding during convalescence. The observations which led to 
such beliefs or conclusions are discussed in the next chapter. ‘There was 
thus an emphasis on the need of animal proteins in military rations 
when campaigns were conducted in the malaria-ridden regions. 


The war-time Indian recruit, who was generally under-nourished, 
was a nutritional problem and required feeding at specially high level in 
order to bring him up to the required standard of fitness for service in 
operational areas. Another important matter in the nutritional policy 
of the army was the encouragement of the Indian soldier in having 
his meals at more frequent intervals instead of the usual two daily meals 
which threw an unnecessary strain on his digestive power and caused 
impairment of working efficiency. The importance of supplying ‘ natural 
foodstuffs ’, as far as possible, was duly recognised, and the use of vitamin 
pills and the like was restricted to conditions when adequate supply of 
natural foods could not be ensured. 


NUTRITIONAL STATUS OF TROOPS 


To what extent these ideas provided a satisfactory working basis 
from the point of view of the army can only be judged by results. No 
typical deficiency disease of the classical type was a problem in the 
Burma Campaign. Even though rations in the forward areas left much 
to be desired, a minimum vitamin intake by troops was maintained. 
The types of malnutrition which occurred were almost without exception 
secondary to disease, and anaemia was a feature of all these cases. 
Although the dietary causes of malnutrition in forward areas were 
investigated and recommendations made to the supply services, the 
latter were unable to make much headway owing to the great distances 
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involved and severe shortages of both food and transport. While every 
effort was made to improve the situation, no marked change could be 
brought about during 1943, The Wingate Expedition into Burma 
during 1943 presented a new kind of feeding problem—that of providing 
nourishment to the troops who had to carry their own rations and 
maintain themselves in the jungle, far from the nearest base, over a period 
of several weeks. Although the portable rations devised from available 
sources were somewhat crude and theoretically far from adequate, a 
gratifying degree of success was achieved. The men in this expedition 
came back thin and hungry but with their morale at a very high pitch 
despite slender resources and poor fare. But in this instance also 
deficiency disease as such was conspicuous by its absence. 

During 1944, the nutritional health of British troops in India was 
satisfactory. No cases of classical deficiency states such as scurvy, 
beri-beri or pellagra were reported. An interesting disease, with possible 
nutritional factors in its aetiology, was a sprue-like syndrome which 
occurred in small epidemics among British troops in the forward areas. 
Among the aetiological causes, niacin deficiency was cited in areas where 
the issue of fresh meat was replaced by tinned meats, these being the 
products from which the water soluble vitamins including niacin were 
largely removed during their preparation before canning. Among the 
Indian troops malnutrition in a minor degree was common. This was 
most readily seen in the recruits and in the troops who had returned from 
the fighting fronts to be rehabilitated in India. Among these troops, 
the signs of malnutrition, such as thinness, poor musculature and specific 
vitamin deficiencies, specially hyporiboflavinosis, which were 
noticeable among the malnourished recruits, were again in evidence. 
The causes of this decline in the physical condition of troops fighting 
on the Burma front were many, and it is difficult to appraise the exact 
importance of each. Firstly, the long and difficult lines of communication 
(L of C) made the full implementation of the ration scales, to which 
they were entitled, very difficult—a difficulty which applied specially to 
perishable foods such as fresh meat, fruits and vegetables. In fact, many 
Indian units did not receive their meat ration for weeks on end, and 
alternatives such as atta and ghee, which were nutritionally inadequate, 
had to be issued instead. Another factor was the type of warfare which 
called for prolonged feats of mental and physical endurance. A third 
and very important factor was the high incidence among the fighting 
troops of intercurrent disease, such as dysentery, which placed heavy 
demands on the low nutritional reserves of the Indian soldiers. 

Of special interest and importance, because of its frequency and 
its occasional fatal termination, was a condition of marasmus which 
paraded under many names, the most descriptive of which was ‘ mal- 
nutrition-anaemia syndrome °’. This disease first appeared in the autumn 
of 1942 among the Indian troops in Burma and mainly affected poorly 
See ae Indians, such as Pioneers and followers who were recruited 

e lower income groups of Indian society. In the later stages there 
— genera failure of nutrition caused by atrophy in the bowel which 
bin oun ; to be like a tissue-paper—a finding which explains the low 

ponse of advanced cases to oral feeding and treatment. 
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During 1943 and 1944, the situation appeared to change slightly, 
the poorly nourished Indian troops being no longer selectively affected 
but all classes showed liability to become victims of malnutrition. In 
these cases, however, the clinical picture was different, anaemia being 
not so closely associated with diarrhoea and wasting. The treat- 
ment of the condition was somewhat empirical and symptomatic. 


During 1945, the nutritional health of the British troops was 
good and no case of malnutrition or deficiency disease was reported 
among them. Many degrees of minor malnutrition, however, occurred 
among the Indian troops, particularly among the recruits, the chief 
deficiencies noted being those of the vitamins A and B complex. 
Of the latter, manifestations of riboflavin deficiency were most commonly 
reported. Considerable improvement in the nutritional condition of men 
returning to India from the South-East Asia Command (SEAC) was 
visible during that year, and this was due not only to the provision of 
better ration scaJes but also to the great improvement in the distribution 
of supplies. 


In 1946, the nutritional health of all troops notwithstanding the 
reductions in rations remained satisfactory and no cases of malnutrition 
or deficiency disease were reported. The war against Japan had come 
to an end in the previous year, and the troops were not only supplied 
with better quality of rations but were also not subjected to battle strain 
or conditions of heavy exposure to malaria. Some malnutrition in minor 
degrees was, however, found amongst the recently recruited men, the 
commonest being attributable to vitamin A and riboflavin deficiency, 
but this was, no doubt, a legacy which they had brought from civil life. 


NUTRITION ORGANISATION 


The nutritional problems arising from the Burma Campaign in 
1942 and the rapid expansion of the Indian Army with the concurrent 
recruitment of soldiers from the ill-nourished civil population, with low 
physical standards, made the provision of expert advice on nutritional 
subjects a matter of prime importance. In January 1943, therefore, a 
nutrition section was organised within the framework of the hygiene and 
pathology branch of the Medical Directorate, General Headquarters 
(India), and the appointment of a deputy assistant director of medical 
services (nutrition) was created with the rank of major. | Preliminary 
investigations showed that there was need for a bigger nutrition organisa- 
tion, both to conduct field surveys and to advise unit commanders on 
nutritional matters. In October 1943, the organisation was expanded, 
the appointment of the DADMS (nutrition) was upgraded to that of 
an assistant director of nutrition (ADN) with the rank of licutenant-colonel, 
and staff captains (nutrition) were appointed to the headquarters of each 
of the three armies and the Central Command in India. In addition, 
Dr. W. R. Aykroyd, CBE, MD, Sc.D., Director of the Nutrition Research 
Laboratories, Indian Research Fund Association, Coonoor, accepted the 
appointment of Honorary Consultant in Nutrition to the Army in India. 
His advice and the facilities of the laboratories under his direction were 
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available to the army authorities.‘ The ADN worked directly under the 
Deputy Director of "Hiygiene and Pathology (DDH & P) to whom he 
acted as adviser on nutritional matters, and his responsibilities included 
the initiation of policy in respect of all matters affecting the composition 
of rations, and the development and use of special rations, etc. The 
ADN also maintained liaison with the Director of Supplies and Transport 
in all matters pertaining to ration scales and with the other branches of 
the Medical Directorate in matters concerning the health of the army. 
He supervised the state of nutrition of the army by frequent visits and 
inspections and was also responsible for the organisation of nutritional 
research in the army. The staff captains (nutrition) maintained close 
contact with the ADN and acted as the nutrition advisers of the Deputy 
Director of Medical Services (DDMS) of the command or the army to 
which they were attached. By their advice, they helped in the imple- 
mentation of the nutritional policies laid down by the GHQ (India) and 
watched the nutritional state of troops by frequent visits and inspections. 
They also carried out research in nutritional matters under the supervi- 
sion of the ADN. 


During 1944, a Nutrition Advisory Committee with representatives 
from the India Command and the Allied Land Forces, South-East Asia 
(ALFSEA) was set up to guide high nutritional policy in the army and 
advise on the most profitable methods for the investigation of army 
nutritional problems. This committee consisted of the following:- 

The DDH & P, GHO (India). 

The Honorary Consultant in Nutrition. 

The Consulting Physician, GHQ, (India). 

The Inspector of Foodstuffs, GHQ, (India). 

The Assistant Director of Pathology (ADP), GHQ (India). 
The ADN, GHQ (India), Secretary. 


By the visits of nutrition officers to the units, by demonstrations 
and by the publication and issue on a unit basis of the booklet Food and 
Fitness which expounded the elementary principles of nutrition, efforts 
were made in 1944 to make the army nutrition-conscious, to raise the 
standard of cooking in Indian units, to make the best use of the food 
resources in the country, and to adapt traditional methods of feeding in 
India to the modern army conditions. The two-meal-a-day system of 
feeding common in Indian units, with its disadvantages that the soldier 
had to do his work and training on an empty stomach and his afternoon 
training after a heavy meal, was replaced by the four-meal-a-day regime. 
This had a further advantage over the traditional system that 1t diminish- 
ed food waste and underdrawal by units, During the later part of 1944, 
when the food situation was relatively stable and a moderately good ration 
had been introduced, the officers of the nutrition team were able to carry 
out special nutrition investigations as well as to perform their routine 
duties of supervising the nutritional health of troops. 


An investigation into the effects of th i i i 
: e e basic scale of rations (in- 
troduced in 1944) on the nutritional status of Indian recruits was rend 


1 A note on the assistance rendered by the Nutrition Research Laboratories, Coonoor, to 
the Armed Forces on problems of nutrition during World War 11 is given in Appendix I. 
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out in the North-Western Army. This investigation was also designed 
to prove whether the supplementary issue of one pound of milk authorised 
for recruits ameliorated the effects of basic diets on their nutritional 
status. The general improvement resulting from the effects of the 
basic diet was beyond dispute. The milk supplement, however, did not 
appear to have caused any further significant improvement except 
perhaps in their skin condition. This subject together with other investi- 
gations made by nutrition officers is dealt with fully in Chapter II. 


In the Eastern Command a census of cases evacuated from the 
forward regions suffering from nutritional marasmus was carried out 
and attempts were made to determine its epidemiological features. 


These cases were found to. constitute approximately 5 per cent. of all 
cases evacuated including the surgical ones. 


The nutrition organisation continued without any material 
alteration until 31 December 1944 when it was felt that the need for 
nutritional work in the commands and armies was not the same as before. 
Reasonably good ration scales had come into force in India, ration 
supplies had largely stabilised and opportunities for routine advice to 
the DDsMS of the armies and commands were becoming less. At the 
same time, there was need for a considerable amount of nutritional 
research, for the successful prosecution of which a pool of officers with 
special experience in nutritional research was required. Consequently, on 
1 January 1945, the appointments of staff captains (nutrition) at the 
headquarters of armies and commands were abolished and a pool of four 
nutrition officers each with the rank of major was established at the 
GHQ (India). “Until July 1945, the ALFSEA had no provision for a 
nutrition officer, and the staff captain (nutrition), Eastern Command, 
performed nutritional advisory duties for the Fourteenth Army. In 
August 1945, however, a deputy assistant director of nutrition (DADN) 
was appointed to the headquarters of the ALFSEA. 


CHAPTER II 


Nutritional State and Nutritional 
Requirements of ‘Troops 


METHODS ADOPTED FOR NUTRITIONAL ASSESSMENT 


Until late in 1944, the nutrition organisation confined its activities 
almost entirely to the field of preventive medicine. [Its task was to assess 
the nutritional health of the troops in the field, to correlate it with their 
dietary history, and make an appreciation of their fitness for operation. 


During 1943, the need for surveying large bodies of troops was 
urgent and simple clinical investigation was deemed sufficient for the 
purpose. Representative samplesofmen in a unit were paraded, stripped 
to the waist, and examined for signs of deficiency states manifested in 
the skin, eyes, mouth and tongue. Concurrently, it was possible to 
assess their general physical condition. Ifa more detailed examination 
of any individual was considered necessary, he was seen again after the 
general survey. Additional information was obtained by discussing 
the health and performance of the units with the unit officers and the 
medical officer in charge. As regards biochemical and other elaborate 
clinical aids, a wide difference of opinion existed. There was very little 
convincing evidence that any tests so far developed could help in selecting 
with precision individuals suffering from ‘ sub-clinical ” deficiency, before 
such a state could be suspected by a competent observer, using his unaided 
senses and having a knowledge of the nutritional history of the men. 
Such tests might have been useful for confirming clinical impressions but 
the latter, together with a dietary history, were considered as sufficiently 
reliable for assessing the nutritional status of groups for practical military 
purposes. Itis, however, necessary to stress that clinical observation was 
reliable only when the nutrition officer possessed special experience in 
this field. 

_ Highly qualified and experienced general physicians sometimes 
failed to assess the significance of their observations in a true perspective. 
For example, Bitot’s spots, which were common in the eyes of South 
Indian troops, had often been taken as indicating the need for an 
immediate increase of the vitamin A content of the rations, but it was 
found that Bitot’s spots did not indicate unfitness for military activity 
and that the sign was not readily removable by increasing the intake of 
dietary vitamin A. Another example may be quoted. A certain unit 
was described by an experienced consulting physician as suffering from 
gross malnutrition, because the pectoral muscles of the men fibrillated when 
E Ee er o of January when these men were inspected 
roere a a 2 i he yas staff captain (nutrition) showed that 
ficent pi: S des ~ nee e al among the Gurkha parachutists of magni- 
a Shits maa ae, stoo Poppa to the waist in chilly wind. Even 
ul. a ology ol signs and symptoms could not be doubted 

, at any rate in India, to consider whether the deficiency 
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had been precipitated by an infection and was not a primary dietar 
deficiency. The need for this was emphasised by a cola > ent 
riboflavin deficiency observed in a recruit boy who had been receiving 
the full army ration plus 16 ozs. of extra milk daily for two years previously. 
Further experience showed that by far the most striking nutritional failure 
resulted not so much from dietary deficiency as from interference with 
normal metabolism owing to disease. 


One or two points about biochemical and other special methods 
may bementionedhere. The biochemical methods, even when they were 
relatively simple and capable of straightforward interpretation, were 
time-consuming, While these might have been useful for studying 
individual patients in a hospital, they did not appear to pay their way 
when large bodies of troops had to be assessed by a small nutritional staff. 
Of physiological techniques, the study of dark adaptation test and slit- 
lamp microscopy had received much attention in some countries including 
India before the war, but were not considered necessary in the army. 
Clinical night-blindness was uncommon among the Indian troops and 
any sub-clinical defect to the extent of interfering with military efficiency 
was negligible. On the other hand, night-blindness was a malingerer’s 
paradise, could be easily encouraged by attention being focussed on it, 
and could be diagnosed as deliberate only after tedious labour in a dark 
room. The military policy, therefore, was to ensure that the rations 
contained a sufficient amount of vitamin A and to forget night-blindness. 
Slit-lamp microscopy had similarly not been taken into use, at first, 
because the apparatus was unobtainable, and later, because the avail- 
able reports indicated marked differences of opinion regarding the 
interpretation of findings. The military nutrition organisation, there- 
fore, did not take up these methods; careful clinical examination gave 
reliable working results in the field of prevention. 


THE INDIAN RECRUITS 


Most of the Indian recruits in civil life had existed on meagre 
and ill-balanced diets. Nutritional surveys conducted previously in 
India had shown that the average villager subsisted at a low economic 
level, and consumed a diet tending to be deficient in calories and most 
of the essential nutrients. The effects of these factors were reflected in 
the condition of recruits volunteering for the expanded army in spite of 
the care exercised in selection. Table I indicates the recommended 
standards and actual figures of intake of foodstuffs by the greater part 
of the population. 


Most of the recruits suffered from malnutrition and nutritional diseases 
which were common in India. Besides, many of them came from malaria 
and hookworm infested villages. The low nutritional levels prevalent in 
India were not the results of the people’s own choosing but were the 
outcome of poverty and a low standard of life, although religion and 
custom might have contributed to some of the dietary habits. Indian 
nutritional requirements are not generally different from those of other 
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peoples, and the improvement of nutritional standards can be achieved 


only by overcoming poverty and ignorance. Religion and custom are 
lesser Impediments. 


TABLE I 


Recommended standards and actual figures of intake of foodstuffs". 








A Az 


Recom- Actual intake in ozs. 
Classes of foodstuffs mended |—————— eis ais 
intake in Standard ; 
ozs. Mean Deviation Median 
Cereals 14 16°62 6:23 16:00 
Pulses as 3 2-26 2:16 1:76 
Leafy vegetables .. 4 0:85 0:98 0-46 
Other vegetables .. 6 4°10 3°90 2°94 
Ghee and vegetable oil ' 2 0:92 0:94 0-56 
Milk and milk products ‘ 10 3-31 4:45 1-42 
Meat, fish and eggs ‘ 4 0-94 1°70 0-32 
Fruits and nuts r 3 0:58 1-25 T 
Sugar and jaggery ; 2 0:67 0:83 0:43 
Condiments i ss 0-41 0:76 eN 


o aeaa 


In the past, many persons thought that the multifarious dietetic 
scruples of the so-called caste Indians and the heavy weight of long 
tradition would prevent any effectual approach to the nutritional 
problem of the Indian soldiers. Actual experience, however, showed 
that men straight from villages could be trained fairly rapidly and with 
little discontent to accept a diet differing considerably from their tradi- 
tional fare. No ill effects were observed on account of the consumption 
of atta by habitual rice-eaters and vice versa. When a malnourished Indian 
recruit was enlisted, it was both possible and necessary to overcome his 
malnutrition and to fill up his depleted nutritional reserves. Experience 
during the war indicated that a high degree of success could be attained 
in this if an adequately nourishing diet was provided. 


Psychological difficulties had often to be overcome in inculcating 
new dietary habits, and in this the influence of custom and prejudice 
was neither over-estimated nor were these confused with bonafide religious 
principles. The soldiers were generally trained in recruit-training centres 
for eight months; then they usually spent three to four months with a 
training formation before being sent to an operational unit under stable 
conditions. Supporting troops, such as Indian Pioneers, general service 
and transport personnel, often found themselves involved in operational 
conditions in less than six months from the date of recruitment although 
the recruiting standards applicable in their cases were less rigid than for 


1 Courtesy Indian Council of Medical Research, 1935-48 Special Report Series No. 
20—The Results of Diet Surveys in India. 
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front line troops. Such supporting troops were as much exposed to 
malaria, dysentery and other diseases as the front line troops. 


Before World War II, the Indian recruits were carefully selected 
men with fine physique, good nutritional status and ample powers of 
endurance. Physical standards, as laid down in the Recruiting Regulations, 
India, Part I (Peace) 1939, were strictly adhered to and no relaxation 
whatsoever was allowed. Such men were not ‘ malnutrition prone’ 
and needed no special feeding to make them fit for battle. Though 
nurtured on peace-scale rations, they gave an excellent account of them- 
selves in the Middle East operations and only a few broke down with 
severe anemia. 

The entry of Japan into the war towards the end of 1941 converted 
India into an important base for operations in the east and the army 
was expanded nearly tenfold. As the recruits with the peace-time 
standards of health were not available in sufficient numbers, the physical 
standards had to be relaxed in 1941. Even with the lowered standards, 
it was found well nigh impossible to satisfy the demands of the army and 
this necessitated the further lowering of the standards in June 1942. . 
The old distinction between martial and non-martial classes was abolished, 
but the new recruits who came forward could not get rid of the stigmata 
of lifelong malnutrition even after being fed on army rations for 
months. 

In the early part of 1944, it became necessary to lower the standards 
of health further for recruits in order to make full use of the available 
manpower. Recruiting officers were also empowered to enlist recruits 
with 5 Ibs. less weight than the regulation weight, provided, in their 
opinion, they showed promise of gaining this weight under army rations 
in three months or so. In practice, even this standard had to be relaxed 
further and men, 10-20 Ibs. under-weight, were sometimes recruited. 
The task of maintaining these under-nourished men in a state of physical 
fitness in an unhealthy terrain, such as on the Assam-Burma front, was 
not easy. The depreciation or lowering of the physical standards for 
the recruits of different arms of service of the Indian Army is shown in 
Appendix II. During 1944, higher physical standards were enforced 
because the demand for recruits was not so great as during the earlier 
years of the war. The trend in respect of lowering or raising the physical 
standards for each arm of service was more or less the same as in the case 
of infantry. 


In May and June 1945, Verma (1947) carried out investigation in 
respect of the nutritional status of the South Indian Pioneer recruits 
stationed at Harihar (Mysore State). They consisted of 410 Tamils, 
231 Malayalis, 137 Telegus and 23 others; 80 per cent. of these men 
came from the agricultural classes and the rest were ordinary labourers. 
Rice formed the staple article of their diet. It was usually consumed 
with dal or pepper water. Vegetables were eaten in very small quantities 
and fruit rarely. Their ages varied from 18 to 30 years. All these men 
would have been rejected on peace-time standards when the requirements 
of least weight and height for Madras classes were 115 lbs. and 64 inches, 
respectively, whereas the mean weight of the average recruit at the time 
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was 102:04 lbs. and mean height 63-12 inches. The population surveyed 
was below the good Indian standards as shown in Table II. 


TABLE II 


Gomparison of mean weight and mean height of various classes of recruits, 





| o pas 





| 
Classes | Mean weight | Mean height 
British recruits (1942-45) | 129-4 Ibs. | 67°3 inches 
Punjabi Muslims _ n ie | 123-0 Ibs. 66:0 inches 
Peace-time Madrasi recruits i | 115:0 Ibs. 64:0 inches 
Madras Pioneer recruits (1945) 102-0 ibs. 63:1 inches 


Out of the recruits surveyed, the Malayali recruit stood out as the 
best with better muscle development, a comparatively good weight- 
height ratio (1:1°65) and the least signs of nutritional deficiencies. The 
Telegu recruit was probably the most ill-nourished of the three with the 
maximum signs of nutritional deficiencies, poor muscle development and 
a low body weight. The Malayalis had come from the most fertile area 
and the Telegus from the least fertile. 


The subjects of the survey showed only either vitamin A or ribo- 
flavin deficiency signs. Vitamin A deficiency signs were most prominent 
and widely prevalent while the others were rather uncommon. The 
signs noted were (i) rough, dry and scaling skin, (ii) phrynoderma, 
(11) xerosis conjunctivae in all stages and (iv) angular stomatitis and 
glossitis. For analogous numbers of men recruited into the army the 
only effective standard in practice was a simple capacity to perform 
specified types of work. The features in the South Indians, which were 
almost uniformly met with, were as follows:— 


General Physique: Almost all the recruits had flabby, poorly developed 
musculature, flat chests and spindle shaped legs. Nearly all were 
thin, some almost to the point of emaciation. 


Skin: Most of the recruits had dry, rough and lustreless skins, In some, 
a more definitely ‘crazy pavement’ appearance was evident 
whereas others had hyperkeratosis of the skin of hands, forearms, 
feet and legs. No definite pellagroid dermatitis was found. In 
a proportion of men, the skin, besides being dry, presented the 
appearance of phrynoderma—the follicular hyperkeratosis being 
well marked, especially on the extension surface of the arms and 
forearms. Several cases showed striking follicular hyperkeratosis 
over the nose and labial folds, with small pointed horny plugs 
projecting from the enlarged pilosebaceous follicles—a condition 
regarded as one of the signs of riboflavin deficiency. 


Eyes: Advanced signs of vitamin A deficiency were evident in the large 
proportion of men who showed dry greasy-looking often vertically 
wrinkled conjunctivae, the condition often amounting to definite 
xerosis; Bitot’s spots were present in some, particularly the Madra- 
sis. Dullness of the surface of cornea and radial injection of the 
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capillaries of the conjunctivae, converging on and apparently enter- 
ing the cornea were not uncommon sigas. 

Tongue: The signs suggestive of nutritional deficiency fell under two 
groups. The largest group of cases was of men with reddening 
at the tip and along the sides of the tongue and more or less denuda- 
tion of the epithelium. In a small number of cases, the tongue 
showed marked fissuring on the dorsum and along the sides, with 
enlargement and flattening of the papillae and a peculiar almost 
magenta discoloration indicative of riboflavin deficiency. 

Mouth: A few cases showed a whitened, thickened and sodden appearance 
of the epithelium at the corners of the mouth with fissuring—angular 
stomatitis. i 

Teeth: They were on the whole in very good condition and caries was 
conspicuous by its absence. Generalised pyorrhoea was very 
common. 


Many recruits were anaemic and showed signs of chronic malaria 
and hookworm infection. 


IMPROVEMENT OF THE PHYSICAL CONDITION OF THE RECRUITS 
DURING TRAINING 


It had long been a common knowledge in military circles that men 
recruited in the Indian Army underwent a marked physical improve- 
ment during the months following enlistment. The chief factors, likely 
to produce such an effect, were better nutrition, physical training and 
control of infectious diseases. Of these, improved nutrition was by 
far the most important, and the recruit responded favourably to a higher 
standard of feeding than what he could obtain in his village. Physical 
training, of itself, played a secondary role as the Indian agriculturists, 
who formed the bulk of the army, could not be said to be in want of 
physical exertion on account of the hard work they had to put in their 
fields. The hygienic environment of the army was probably more im- 
portant, especially in so far as it brought malaria and hookworm in- 
fection under control. These parasites were eliminated from the system 
of many soldiers, but it was not always possible to ensure that every 
man was immediately cleared of all parasites and infections likely to 
impair physical development. 


From August 1944 to February 1945, studies were undertaken in 
two recruit-training centres in North-Western India by Thomson, Verma 
and Dilwali (1946) with a view to finding out the effects of the army 
dietary on the Indian recruit’s physical condition. Such centres present- 
ed unusually favourable opportunities for conducting feeding experi- 
ments under more or less controlled conditions. The weight of a recruit, 
in relation to the average for his race, is perhaps the most important 
single expression of his physical potentialities. For this reason, recruit- 
ing standards prescribed minimum weights for enlistment, and the weight 
of individual recruits was regularly recorded throughout their training 
by the supervisory staffs. It has already been pointed out that the 
demand for manpower during the war necessitated relaxations in the 
minimum weight standards of recruits. Extra milk could be prescribed 
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for under-weight or under-nourished recruits by the unit medical officer. 
The experiment was conducted, in duplicate, in an infantry training 
centre in Abbottabad (Punjabis and Dogras), and in the IAMC Depot 
in Rawalpindi (Punjabi ambulance sepoys, followers from the United 
Provinces and sweepers from Madras). One batch in each centre was 
earmarked to receive 16 ozs. of extra milk daily in addition to basic ration 
irrespective of the normal grounds for recommending such an issue, and 
formed the ‘milk group’; and the other batch, in which none received 
extra milk, but all were on the usual basic ration, formed the ‘ control 
group ?. There was a general belief that the daily consumption of milk 
accelerated gain in weight and helped clinical improvement: The ex- 
periment was also designed to test its accuracy. 


_ The approximate nutritive value of the daily diet as consumed 
during the experiment was as given in Table III. 


Taste IIT 
Approximate nutritive value of the daily diet as consumed by the * control group’ 


and ‘ milk group”? during experiments on the effects of army dietary in 
Abbottabad and Rawalpindi. 





Nutrient Control Group Milk Group 
Calories 3,950 4,250 
Proteins (total) 116:0 g 131-0. g. 
Proteins (animal) 21-0 g. 360 g. 
Carbohydrates 621:0 g. 642:0 g. 
Fats 112-0 g. 128:0 g. 
Calcium 0:84 g. 1:38 g. 
Iron 540 mg. 550 mg. 
Vitamin A 800 I.U. 1,600 I.U. 
Carotene 1,800 I.U. 1,800 I.U. 
Thiamin 3:2 mg. 3°4 mg. 
Riboflavin 1-5 mg. 2:15 mg. 
Nicotinic acid 29-0 mg. 30°0 mg. 
Vitamin C 60-0 mg. 60:0 mg. 


A A enn 


The findings of these investigators indicated that the average war- 
time recruit gained 5-10 lbs. of weight within about four months of enlist- 
ment, This gain continued at a diminishing rate after that period and 
appeared to take place without reference to initial welght, and was not 
influenced by giving 16 ozs. of milk in addition to normal ration. The 
milk was, however, considered to have accelerated clinical improvement 
as manifested in the particular improvement of skin texture; there 
was a general increase in the smoothness and elasticity of the skin, and 
pigmented thickenings commonly found around pressure points had 
disappeared. 


Verma, Dilwali and Thomson (1947) also studied the response of 
Indian recruits to the different diets with special reference to the relative 
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value of meat and milk in rations. They tried three diets during the 
experiment on 801 Indian Pioneer recruits at Harihar about which men- 
tion has already been made. The first was the basic diet consisting of 
the normal army ration. The second was the meat diet, similar to 
basic diet, but with the difference that the normal issues of 2 ozs. of meat, 
14 ozs. of tinned fish and 3/8 oz. of skimmed milk powder were replaced 
by 12 ozs. of fresh meat including bone. The third was the milk diet 
which was similar to meat diet, but the 12 ozs. of meat in the latter was 
replaced by 48 ozs. of fresh milk or its equivalent of tinned milk. The 
scales of diets as given and consumed together with the composition of 
the diets as consumed are given in Tables IV and V. 


TABLE IV 


Scales of diets as given and consumed by Indian Pioneer recruits at Harihar. 


a lr 























Basic diet Meat diet Milk diet 
Scale Scale Scale 
Foodstuffs Scale as Scale as Scale as 
as actually as actually as actually 
given con- given. con- given con- 
(in ozs.) | sumed | (in ozs.) | sumed | (in ozs.) | sumed 
(in ozs.) | (in ozs.) (in ozs.) 
Cereals 
Rice 16:0 13:2 16:0 12:4 16°0 12°7 
Atta 8-0 7:4 8:0 7°30 8-0 7:3 
Pulses 
Dal 4-5 3-6 4:5 33 4:5 3:2 
Dairy produce 
Ghee 2°75 2°55 2 dS 2°50 2:75 2°55 
Skimmed milk 
powder 0-375; 0-375 pi 
Milk 6:0 6:0 6:0 6:0 54:0 51:0 
Meat and fish 
eat 2:0 1-6 12:0 9:8 
Fish, tinned 1-5 1-4 i 
Vegetables and fruits | | 
Vegetables, fresh 6:0 4-8 6:0 47 6-0 4°6 
Onions | 2-0 1-8 4 20 1-7 20 | 1:6 
Potatoes | 4:0 | 37 | 40 36 4-0 3:6 
Porta, fte 9-0 | 1551 201 14) 20 | DS 
Miscellaneous | | 
Sugar 3°25; 325| 325| 3:25; 3-25) 3:25 
Salt — ; 0:5 0:5 0:5 0:5 0:5 0:5 
Condiment powder) 0°57 0:47 0:57 0-47 0:57 0:47 
Tea 0:33 0:23 | 0°33 0:23 0-33 0°23 





They found that all the three diets affected increase in the weight 
of recruits which, however, was the highest on meat diet and lowest on 
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milk diet. Men without specific nutritional deficiencies put on weight 
equally rapidly on the three diets, but the meat diet was significantly 
superior to milk diet for those suffering from nutritional deficiency. The 
investigators were of the opinion that the advantage shown by the meat 
diet in regaining weight gains over others was not due to a greater calorie 
intake on the part of the meat group but to some nutritional quality 
inherent in the meat. All the three diets provided an ample supply 
of protein, and a high proportion of animal protein for Indian diet was 
available. It is possible that the effect of meat was not due to protein 
but to its stimulating effect on metabolism generally. The findings 
suggest that meat had a value superior to that of milk for promoting 
increase in weight. If this is correct and confirmed by future experiments 
it may have an important bearing on the nutritional policy in India. 
These experiments on human beings provided evidence about the superio- 
rity ofa meat dietary over the lacto-vegetarian or semi-vegetarian dietary. 
The implications of this in respect of a predominantly vegetarian popula- 
tion like that of India hardly need stressing. 














TABLE V 
Chemical composition of the diets as consumed by Indian Pioneer recruits at 
Harihar. 

Nutrients Basic diet Meat diet Milk diet 
Calories 3,790 3,980 | 4,330 
Total proteins (g.) 102:6 121:5 119-9 
Animal proteins (g.) 23:8 465 460 
Carbohydrates (g.) 636:8 617:4 676-3 
Fats (g.) 93:1 114-0 128-7 
Iron (mg.) 40:5 425 | 38:0 
Calcium (g.) 0:822 0:625 2-0 
Vitamin A (LUJ 2,000 1,900 | 3,400 
Vitamin B, (mg) | 25 2-66 | 9:45 
Riboflavin (mg.) 1:40 1:54 | 30 
Nicotinic acid (mg.) 25°0 37:0 19-0 
Vitamin C (mg.) 63:0 58:5 | 57:0 





NUTRITIONAL PROBLEMS OF INDIAN TROOPS 


It is difficult to lay down a yardstick by which the adequacy of 
rations could be assessed under all conditions of service and for various 
types of troops. A number of scientific bodies had laid down * recommen- 
ded allowances’ for men engaged in different kinds of work under differ- 
ing conditions, and these formed a convenient starting point for suggesting 
standards for military needs. The researches of Cathcart and Orr 
during World War I had indicated a datly energy expenditure by adult 
British recruit in training of about 3,574 calories. They, however, 
pointed out that while on theoretical and economic grounds it might 
be desirable to balance the intake and output, yet in the case of a soldier 
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lus consumption was absolutely essential. There was also 
ccoo of the pipe that a soldier in training for battle should 
carry on his own person reserves in the form of fat and other matters. 
The only method by which these internal reserves could be built up was 
by giving a definite surplus of food for long periods before the soldier 
was exposed to strain. 

During World War II, the training changed somewhat from that 
of World War I, and the rigours of assault courses and jungle training 
probably caused a much greater expenditure of energy. ‘The war-time 
Indian soldier had the further disadvantage that he had been ill-nourished 
for years previously and was likely to work and fight under conditions of 
heavy exposure to disease. On weighing up the whole evidence and 
considering what the Supply Department could provide, it was decided 
that the field service or training ration scale should provide 4,200 calories 
as the minimum and that even an increase might be necessary for parti- 
cularly arduous training. The following scale of rations for each 
soldier daily was adopted without making allowance for cooking loss or 
plate wastage :— 


TABLE VI 


Daily scale of field service or training ratton. 


Nutrient Scale 
Calories 4,200 
Protein 100 g. 
Calcium 0-5 g. 
Iron 20 mg. 
Vitamin A 2,000 I.U. 
Thiamin 1:5 mg. 
Riboflavin > 1:5 mg. 
Nicotinic acid 20 mg. 
Ascorbic acid 60 mg. 








Ifa field service ration failed to attain this standard, it was considered 
that an undesirable risk was being taken. The calcium and vitamin 
levels, though appreciably lower than those advocated by most authorities, 
appeared to be satisfactory in practice, and there was no justification 
for the wholesale distribution of vitamin concentrates which was occasio- 
nally advocated. However, controversy centred mainly on the iron 
and protein levels. Experience showed that a relative iron deficiency, 
manifesting itself as hypochromic anaemia curable by large doses of ferrous 
sulphate, was not uncommon among the Indian troops although they 
received a generous amount of dietary iron; it was thus difficult to see 
how a further effective increase of iron could be made. It is possible 
that the dietary iron may be inadequate for needs under certain circum- 


stances, but the only safe measure, then, is to employ medicinal iron for 
treatment. 
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To lay down a standard for the minimal level of protein intake 
was not an easy matter as man had been known to adjust himself to vastly 
varying levels of protein consumption. For example, in the United 
Kingdom and the United States of America (USA), men who take rich food 
may ingest on an average 80-120 g. of protein per day; an Esquimois known 
to consume nearly 300 g., whereas a vegetarian in India does not take 
more than 50 g. a day. The Technical Commission of the League of 
Nations in 1936 had held that no less than 1g. of protein per kilogramme 
of body weight should be present in the diet. Results of the analyses of 
various types of diets tend to confirm this, and nearly all ordinary diets 
have been found to contain this amount if the calorie requirements are 
adequately met. Discounting extreme cases, it appears that the total 
energy derived from protein is generally between 10 to 12 per cent. In 
view of all these considerations, a daily protein ration of 100 g. was 
regarded as adequate. What proportion the animal proteins were to 
form of total proteins was still more difficult to determine in the absence 
of any scientific data’. The nutritional experts in India had often recom- 
mended a minimum of 29 g. of animal proteins out of a total of 100 g. 
protein for the Indian villager. The Canadian Nutritional Research 
Team, ALFSEA, regarded 40 g. or more of animal protein as the 
optimum daily allowance for adults. Close consideration of the trend 
of dietary habits of mankind has further revealed the fact that whenever 
and wherever economic conditions permitted, man elected to raise the 
animal protein intake to the region of 60 per cent. of his total protein 
requirement. While it may be unjustifiable to lay down dogmatically 
the optimal or minimal requirement of total protein and the proportion 
of animal protein therein, the need for a liberal protein supply in military 
rations, from a varied food mixture, and of ensuring reasonable amount 
of animal protein in them cannot be denied. With British rations, about 
60 g. of animal protein was readily available from a total protein intake 
of 100 g., but with Indian rations, based on the peculiar dietary habits 
of the Indian soldier, it was generally possible to obtain only 20 g. of 
animal protein out of 100 g. of total protein. 


In 1943, the animal protein supplied to the Indian soldier in the 
Eastern Army was only 14 g. per day; in 1945 although the ration allowed 
to each man was approximately 32 g. of animal protein per day in the 
Fourteenth Army, he was actually supplied with between 23 g. and 
26 g. only. There were two reasons for this. Firstly, the supply position 
was not favourable owing to the long L of C and non-availability of foods 
readily acceptable to the Indian soldier. Secondly, his dietary habits redu- 
ced the number of available food items. The Indian Army, which drew 
its recruits from all over India, contained Mohammedans who only ate 
halal meat and abhorred pork; Hindus who abhorred beef and the meat 
of female animals; Sikhs who accepted meat slaughtered only by jhatka; 
the Jats (Hindus) who were strict vegetarians, and a small percentage of 
Christians. These prejudices were largely retained by the TORs. 


* The rigid distinction between first and second class proteins seems to be graduall 
. . 4 » . r to 

rra Besides this, the biological values of animal praidips oo €g., that of aur hi 
etter than that of meat [Cuthbertson (1948), Rose (1949) and Una Ledingham (1950)]. 
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Moreover, unlike the RIN and the RIAF which insisted on mixed messing 
for all groups, the Fourteenth Army had separate kitchens and separate 
types of rations for its men. It was indeed unfortunate that some 
commanding officers, who knew little or nothing about nutrition and its 
effect on the fitness and health of their troops, had unconsciously even 
encouraged such prejudices. With this attitude of the officers, it was 
not unusual for the VCOs and consequently the IORs to retain their 
prejudices, and they were suspicious of any meat which had been 
processed. They were even suspicious of properly certified jhatka or 
halal dressed carcass meat, and some troops went to the extent of accepting 
only the meat delivered * on the hoof’. Consequently the meat intake 
of the IORs in the Fourteenth Army, especially in the so-called better 
regiments or units, was negligible. 


ANAEMIA AND MALNUTRITION IN THE INDIAN RECRUITS 


During 1944, Major M. Hynes, RAMO, who had carried out investi- 
gations among recruits in Peshawar District, showed that anaemia was 
common, although the iron content of the ration was satisfactory?. Bio- 
chemical tests, carried out by Captain H. Lehmann, RAMG, suggested 
that much of the iron in atta was unavailable*+. In May and June 
1945, Hynes, Ishaq, Morris and Verma (1946) carried out further investi- 
gations regarding anaemia and malnutrition among the South Indian 
Pioneer recruits at Harihar, referred to previously. The haemoglobin 
level, red cell count, and packed cell volume of each recruit were deter- 
mined, and the stools were examined for hookworm ova. Anaemia 
was found in 20 per cent. of the Malayalis, 30 per cent. of the Tamils 
and 40 per cent. of the Telegus, i.e., they had haemoglobin less than 
14 g. per 100 c.c. After making allowance for the varying incidence of 
malnutrition among the different classes of recruits, they found the mean 
haemoglobin level of the Telegus to be significantly lower than that of 
others. Quite independent of laboratory findings, one of the investi- 
gators (Verma) made clinical assessment of the malnutrition by recording 
each recruit’s height and weight, the degree of muscular development, 
amount of subcutaneous fat and signs of vitamin deficiency observed. 
No correlation was found between weight or height and anaemia, but 
anaemia was found to be commoner in men with poor muscle develop- 
ment. Men with little subcutaneous fat showed the highest mean 
haemoglobin level, those with moderate subcutaneous fat a significantly 
lower, and those with good subcutaneous fat the lowest. The mean 
haemoglobin level of men with deficiency signs of both skin and eyes 
were very significantly lower than the mean haemoglobin level of those 
with skin or eye signs singly. Men with skin signs only had a mean 
haemoglobin level significantly lower than that of men with no signs, 


but men with eye signs only did not differ significantly from either of 
these groups. 


Over 70 per cent. of these recruits were found to be infested with 
hookworms, the Malayalis showing significantly more infestation than 


3 and 4 Report on Investigations on Anaemia in the Indian Soldiers. Army Pathology Advi 
Committee, Army Headquarters (India), CIS Historical Section File No. L/5/32/E(M). 7 
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either the Tamils or the Telegus. The Tamils and Telegus, however, 
showed no significant differences between each other. The amount and 
degree of infestation was nearly the same in men with poor and moderate 
muscle development, but it was only in the former group that infestation 
increased anaemia. The incidence of anaemia (haemoglobin less than 
14 g. per 100 c.c.) was 32 per cent. in the non-infested group of men 


and increased progressively to 47 per cent. in the infested group. Most 


of the anaemia was normocytic, but there was a higher proportion of 
microcytic 


anaemia in the lower haemoglobin groups. Macrocytic 
anaemia was, on the whole, rare and mild. 


. it would not be justifiable to draw any conclusions from these 
investigations as to the prevalence of anaemia in the South Indian 
population as the subjects were selected by recruiting officers at a time 
when the supply of recruits was almost exceeding the demand and they 
were physically above the average of their class. The investigators, 
however, succeeded in establishing, by an efficient statistical technique, 
a correlation between malnutrition and anaemia which had often 
been inferred but was difficult to demonstrate statistically, as it was impos- 
sible to measure accurately the degree of malnutrition. The lower 
levels of haemoglobin found amongst men with sufficient amount of 
subcutaneous fat can be explained somewhat as follows: As the men 
dealt with had led an active agricultural life, it seems reasonable to assume 
that on an average the amount of subcutaneous fat was determined by 
the adequacy or otherwise of the calorie intake. For muscle develop- 
ment, a sufficiency of both calories and protein appears to be necessary. 
The findings suggested that the anaemia of malnutrition was associated 
rather with the lack of protein than with the lack of calories. 


A correlation between anaemia and ocular and cutaneous signs 
of vitamin deficiency was found, but the probable explanation is that 
anaemia and vitamin deficiency were independent results of malnutrition 
rather than that either influenced the other. In the more malnourished 
group consisting of one-third of the men, an increasing hookworm load 
progressively added to the amount of anaemia, but no such correlation 
could be demonstrated in the better nourished men, thereby lending 
support to the view that the blood loss associated with hookworm Infesta- 
tion could be easily borne if the diet was adequate. In fact, during 
the six months’ observation, Hynes, Ishaq, Morris and Verma (1946) 
found that young men even from the most heavily infested parts of India 
were quite unaffected by hookworm when they were given a good diet. 
Whether they were given iron or not, anaemia in these men with 
even heavy infestation improved as quickly as that of men whose infes- 
tation was not apparent. A correlation was found by the investigators 
between anaemia and slight splenomegaly, and this might be taken as 
evidence that malaria also played a part in the production of anaemia 
of malnutrition. Largely anaemia found was normocytic and normo- 
chromic, but in most of the milder anaemias the findings were 
suggestive of iron deficiency and there was clear evidence of this 
deficiency in most of the severe anaemias also. Macrocytic anaemia was 
rare and never of the severe type so common in hospital wards. 
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There is little doubt that malnutrition was the primary cause of 
anaemia among the poorer types of recruits in India. This anaemia 
might have been due primarily to the deficiency of dietary protein, and 
especially of animal protein. Even a light hookworm infestation, as 
already pointed out, can add appreciably to the anaemia of an under- 
nourished man. Malnutrition and multiple deficiencies generally 
lower his resistance to infection, while the infection itself still further 
depresses the haemoglobin level. Malaria is a most potent cause of 
anaemia when the Indian recruit leaves his village and meets new strains 
of the parasite; probably even in his home chronic malaria contributes 
to his anaemia. 


EFFECTS OF DIFFERENT DIETS AND IRON MEDICATION 
ON THE ANAEMIA OF RECRUITS 


Hynes, Ishaq and Verma (1946) studied the effects of different 
diets and iron medication on the nutritional anaemia of the Indian 
Army recruits between May and December 1945. The three diets, 
used during the investigation, were based on the Indian Army standard 
ration—the first unmodified; the second with a daily addition of 8 ozs. 
of meat (dressed weight); and the third a lacto-vegetarian diet in which 
meat of the standard ration was replaced by tinned milk equivalent to 
48 ozs. of fresh milk daily. The actual daily consumption (after allow- 
ing for wastage) of diet by recruits in the different diet groups during 
the six months of this experiment was as shown in Table VII. 


TABLE VII 


The actual average daily consumption of food (after allowing for wastage) by 
recruits during experiments on iron medication on anaemia of recrutts. 








Types of diet 
Items of diet Standard Extra Lacto- 
ration meat vegetarian 
Meat (dressed weight) 1:5 ozs. | 10:0 ozs. 
Fish 1:5 ozs. | nee nee 
Milk 6-0 ozs, 6:0 ozs. 54-0 ozs. 
Skimmed milk powder 0:375 oz. ei ae 
Rice 13-0 ozs. 13-0 ozs. 13-0 ozs. 
Atta (wheat flour) 7:5 OZS. 7:5 ozs. 7:5 ozs. 
Dal (pulses) 2:5 ozs. 2'5 ozs. 2:5 ozs. 
Vegetables 10:5 ozs. 10:5 ozs. 10:5 ozs. 
Fruits 1-5 ozs. 1:5 ozs. 1-5 ozs. 
Sugar 3-2 ozs. 3:2 ozs. 3:2 ozs. 
Ghee 2-5 ozs. 2°5 ozs. 2'5 ozs. 





o a PP 


The analysis of the values of the diets, shown in Table VII, is gi 
in Table VIIL l Ann 
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Taste VIII 
Analysis of the values of different types of diet as consumed daily by recruits 


during experiments on iron medication on anaemia of recruits. 





Types of diet 


Standard Extra Lacto- 
ration meat vegetarian 


Constituents of diet 





Protein (animal) [| 24g. | 46g. 46 g. 
Protein (vegetable) 79 g. 75 y. 74 g. 
Carbohydrates 637 g. 617 g. 676 g. 
Fat 93 g. 114 g. 129 g. 
Iron 41 mg. 43 mg. 38 mg. 
Calcium 827 mg. 625 mg. 2,078 mg. 
Calories 3,800 4,000 4.300 





They also tested the effects of ferrous sulphate at two dosage levels, 
3 and 6 grains, given daily for the first four months of training. The 
men underwent normal training and were not wormed. Each man 
was re-examined three times at eight-weekly intervals so that there were 
four sets of data for each individual covering a period of six months. 
The men were bled on all occasions at the same time of the day in the 
early morning after breakfast. The principal statistic used to measure 
the rise in haemogiobin level during the investigation was the haemoglo- 
bin ‘ growth rate”, 1.e., the average rate of haemoglobin increase. 


They found that in all the three diet groups the men who received 
6 grains of ferrous sulphate daily for the first four months of training 
showed a substantially greater haemoglobin ‘ growth rate’ than men not 
receiving iron. Even the most anaemic classes of men receiving ferrous 
sulphate were restored to a normal haemoglobin level in four months, 
whereas similar classes although receiving the same diets but no ferrous 
sulphate were still anaemic at the end ofsix months. A further point brought 
out was that the haemoglobin ‘ growth rate’ of the iron groups was rapid 
for the first four months, but during the last two months there was little 
change in the high level already reached. By comparison the haemoglo- 
bin * growth rate ’ in the control groups was slower and more constant, 


They further found that there was no advantage in the group 
receiving the higher dosage of iron, as the men receiving 3 grains of ferrous 
sulphate improved just as rapidly as those receiving 6 grains. It had 
been shown by Hynes, Ishaq and Verma (1946) that anaemia among 
recruits was nearly always associated with haematological signs of iron 
deficiency so that to cure anaemia a diet must supply enough iron not 
only to form some 200 g. to 300 g. of new haemoglobin but also to correct 
long standing iron deficiency. The Indian Army diet did not provide 
enough iron for these purposes in six months and the iron deficiency 
probably persisted even longer. Even the more severe grades of os ieee 
were shown to be completely cured in four months by a daily dose o 
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3 grains of ferrous sulphate. A daily dose of 6 grains for two months did 
not cure the more severe anaemia, but this dose when given for four 
months had no advantage over a daily dose of 3 grains. The advantage 
of the prolonged small dose was that, unlike a therapeutic dose, it produced 
no untoward symptoms whatever, and this was of considerable impor- 
tance in mass therapy. 

The most important finding, however, was that all the three diets, 
whether ferrous sulphate was used or not, produced a substantial improve- 
ment in the anaemia of these recruits. The anaemia could be cured 
quickly by an adequate diet if a little ferrous sulphate was added to it 
for a few weeks, and slowly if it was not. The ‘ extra meat’ diet appeared 
to have the greatest haematinic value, and the lacto-vegetarian diet the 
least. It was also observed that the haemoglobin level, after rising 
steadily for the first four months of training, often fell during the last two 
months, especially, if a value over 16 g. per 100 c.c. had been reached. 
The ‘iron group’ showed greater mean falls in haemoglobin level than 
the ‘control group’ not receiving iron, but this was shown to be purely 
due to their higher four-month haemoglobin level. 


Little difference was noticed in the haematinic value of the three 
diets described above but the diet in which meat was replaced by a very 
generous allowance of tinned milk (lacto-vegetarian) proved less effective 
than the diet giving five times the army scale of meat. It is surprising 
that by the same criterion the diet giving 10 ozs. of meat daily was little, 
if at all, better than the standard ration giving 2 ozs. of meat daily. 
There are two possible explanations for the relatively poor haematinic 
value of the milk diet. Firstly, it had been established biochemically 
that high calcium diet impairs iron absorption, and it was shown by this 
investigation what a large part iron deficiency played in the anaemia of 
Indian recruits. Secondly, Whipple had shown, by experiments on 
grossly protein-deficient anaemic dogs, that milk compared badly with 
meat in haematinic value. 


It was not possible to say whether impaired iron absorption or lack 
of other haematopoietic factors was responsible for the poor haematinic 
value of the milk diet in the experiment. It should also be noted that 
a small part of the rise in the haemoglobin levels of the recruits was due 
to the greater altitude of the training centre which was 1,700 feet above 
sea-level as compared with their homes which were in areas less than 600 
feet above the sea-level. The haemoglobin increase in men, whose ini- 
tial haemoglobin level was 16 g. per 100 c.c. or over, was perhaps entirely 
due to this cause. 


Effect of Intercurrent Infection on Haemoglobin Regeneration: The two- 
monthly blood counts done during the course of these studies also enabled 
assessment to be made of the effect of intercurrent infections on haemoglo- 
bin regeneration. Malaria, acute tonsillitis and inflammation of the 
areolar tissues were found to produce an adverse effect on haemoglobin 
regeneration; other intercurrent diseases showed no significant effect. 
In nearly half the cases of malaria, which were promptly treated, the 
infection was noticed to cause a fall in the haemoglobin level in place 
of the anticipated rise during the two-month period in which the infection 
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occurred. It was further observed that men, who had malaria and 


had not received ferrous sulphate, had a low haemoglobin * growth rate’ 
compared with others. 


SICKNESS AMONG INDIAN AND BRITISH TROOPS ON ASSAM- 
BURMA FRONT 


A considerable amount of sickness was observed, both among the 
Indian and British troops, in the Assam-Burma region, This was mainly 
of nutritional origin and ascribed to lack of milk, eggs, fresh meat, fresh 
vegetables and fruits in the diet of soldiers. The first condition to 
attract attention was a sprue-like syndrome which affected both the 
British and Indian troops on the Assam-Burma front in 1943 and 1944. 
As there was no unanimity about the nature of the disease, reference 
will be made to the clinical symptoms wherever necessary in order to 
enable proper understanding of the conditions discussed. 


SPRUE SYNDROME AMONG THE INDIAN AND BRITISH TROOPS 


Ayrey (1948) described outbreaks of sprue in the Burma Campaign 
in 1943-44 in which the association of the disease with dietary inadequa- 
cies appeared to be an important factor. The accounts of the three 
outbreaks of the sprue syndrome given by him provide evidence of the 
origin of tropical sprue in dietary deficiency of vitamin B, complex, 
The personnel affected were the Indian and British troops engaged In 
the campaign in three widely separated areas. Of particular importance 
was the fact that in the second outbreak not only the British but the 
Indian troops also in the same area were coincidentally affected, the 
majority of both nationalities suffered from the milder forms of the 
disease which corresponded in description to the condition referred to as 
para-sprue. An appreciable number of cases, however, developed 
symptoms of such severity as to be clinically indistinguishable from true 
sprue, and it is considered that the condition was fundamentally the same 
throughout and the reasons for this conclusion are discussed later. The 
observations made were almost entirely clinical, as adequate and 
comprehensive investigation of these cases was not possible under 
conditions prevailing in forward areas. It may be of interest to state 
that the report of the first outbreak furnished in September 1943 was 
probably the first recorded account of an outbreak of sprue occurring 
among the British personnel, 


The signs of the first outbreak were visible in August and early 
September 1943 when 25 British soldiers were admitted with gastro- 
intestinal symptoms in a military hospital situated in the Eastern Gom- 
mand. Though variously diagnosed before admussion as clinical dysentery, 
enteritis, steatorrhoea, etc., they were found to have certain sprue-like 
features and were segregated in a separate ward. It was noted that 
the cases belonged to the same group of units and all had contracted 
the disease in the same area on the Bengal coast; none had developed 
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symptoms in a hill station. The length of service in India varied from 
10 to 16 months, with an average of slightly over a year. Previous 
‘Viness included four cases of malaria, one each of bacillary dysentery, 
enteritis, dengue and heat exhaustion. In no case was there a previous 
history of fat intolerance. The first symptoms had occurred in April 
and May with the exception of two cases in June and one in July, the 
intervening period having been spent either with their units or at inter- 
mediate hospitals. The complaint began with mental and physical 
lethargy and progressive muscular weakness, loss or deterioration of 
appetite with particular distaste for fatty foods and flatulent dyspepsia 
after meals. The diarrhoea was at first slight and irregular, increasing 
in frequency later with most of the stools voided between midnight and 
8 a.m. and accompanied by excess of flatus, which was noted to be worse 
after fatty meals. The stools were variously described as watery, pale, 
greyish, putty-coloured, frothy, greasy and foul-smelling. Sore-tongue 
was complained of in all cases and appeared on an average time of three 
weeks after diarrhoea. The skin showed dryness with pallor or 
unhealthy sallowness. Anaemia was present in all cases and seven were 
of the macrocytic type; the red blood count (RBC) varied from 2,100,000 
to 4,000,000 per c.mm. The gastric analysis showed normal acidity 
in six cases; hyperchlorhydria in five, hypochlorhydria in two and achlor- 
hydria in five. Microscopic examination of the stools showed excess 
of fat-globules and fatty acid crystals with undigested food particles. 
Faecal fat analysis of seven cases, given 60 g. of fat daily for four days, 
showed the following results: 


TABLE IX 


Faecal fat analysis of seven cases of sprue, given 60 g. of fat daily for four 
days. 


Fat Percentage in dried faeces 


Case No. 
Split fat Unsplit fat Total fat 
1 11-2 8:7 19:9 
2 21:4 1-2 22:6 
3 11-3 14:0 25:3 
4 25:7 2-3 28:0 
5 31:4 22 33-6 
6 17:6 16:2 33:8 
7 38:0 2:0 40°0 


From the cases admitted to the hospital, it was elicited that a 


condition similar to their own with diarrhoea as the dominant complaint 
had been widely prevalent in their units. A visit to the area brought 
forth the following information. All the units in the area appeared 
to have been affected in some degree, whether in close proximity or miles 
apart. ‘Lhe prevailing symptom had been diarrhoea which had reached 
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lts height in May and June. No infective source had been found by 
the authorities nor did the stool cultures support an infective origin. 
The unit medical officers confirmed that the diarrhoea had been acute 
or sub-acute, with stools mostly pale and watery, and some pasty and 
frothy. Other symptoms suggestive of sprue were present. The majo- 
rity had recovered with an initial purge, rest, milk diet and kaolin or 
chalk powder, but those severely affected had been sent to hospital. 
The men had spontaneously voiced their distaste for fatty foods and 
these were either voluntarily refused or omitted under medical instruc- 
tion. Glossitis was found in the severe cases only. Accurate figures 
for the whole area could not be obtained, as the disease had arisen four 
months before the visit; different diagnoses had been made in different 
units and many of those mildly affected had not reported sick. At 
least 800 persons in the area were known to have been affected and the 
actual figure may have been twice this number. 


The local military authorities had considered that the outbreak 
was in some way associated with an excess of fatty and fried foods and 
these were, therefore, restricted in diet schedules. There was a general 
complaint from the hospital patients and troops in the area that not 
only had there been an excess of fatty foods but that the tinned foods, 
especially butter, margarine and cooking fat, had been queer, 
unwholesome or rancid. The complaint was too widespread to be 
ignored. So distasteful had these articles become that many groups of 
men had privately bought tins of butter and margarine from the local 
-town stores. Enquiry at the central food depot, from which all the units 
in the area were supplied, showed that for some months much of the tinned 
food arriving had been unsatisfactory and many tins had exceeded 
the consumption expiry dates shown on the labels, Blown tins with 
bulging lids were common, but these were not issued to units. It was, 
however, apparent that tins from the same consignment must have been 
issued if normal to outward appearances. The contents of a few such 
normal tins taken from cases in which one or more tins were blown were 
sampled and found to have a mildly rancid flavour. Accurate details 
of the rations consumed daily by the troops during the previous four 
months could not be obtained. Authorised ration scales were satisfactory, 
but it may be pointed out that, under military conditions, unavailabi- 
lity of the standard fresh foods such as eggs, meat, milk and vegetables 
necessitated issues of tinned substitutes and these also varied probably 
from week to week. The diets authorised and those issued and consum- 
ed may, therefore, bear little relationship. Nor, at that time, was an 
assessment of the vitamin values of the multiplicity of the tinned foods 
available. It was known that eggs, milk, fresh meat, fruits and vegetables 
had been in short supply for several months, but there was no proof that 
the tinned substitutes issued had been deficient in vitamin values, espe- 
cially in terms of vitamin B, complex components. None of the unit 
cooks appeared to have suffered from the disease. 


It has already been mentioned that mild cases in the area responded 
satisfactorily to rest, initial purge, milk, chalk powder and abstention 
from fats. The more severe cases in hospital were treated as for sprue 
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with complete rest in bed and a high protein, low fat and low carbohy- 
drate diet, consisting initially of three pints of milk, one pint of liver- 
marmite soup, crisp toast and fresh fruit juice daily, with gradual addi- 
tion of an extra pint of milk, one egg, thin porridge, farex, bemax, bana- 
nas, jellies, biscuits, marmite sandwiches, minced under-done beef and 
liver and an additional egg. Parenteral crude liver extract was given 
to the most severe cases. Drugs given included kaolin and other chalk 
powders in large doses, dilute hydrochloric acid, ascorbic acid and 
nicotinic acid tablets, and full doses of iron and ammonium Citrate in 
the third week. Parenteral vitamin B, (benerva) produced immedia- 
tely beneficial results in those with signs of polyneuritis. All the 
cases without exception responded to treatment given in the hospital. 
Even at the risk of some repetition, it is necessary to emphasise 
the observation that the initial treatment with rest, milk, kaolin 
and liver soup resulted within a few days in a change in the stools, 
which lost their pale, watery appearance and became less frequent, 
larger, putty-coloured and ofa pasty consistence; the massive, pultaceous, 
early morning stool of the established sprue patient was at no time observ- 
ed. Rigid dietetic restrictions were essential and attempts to commence 
with a diet of higher level had to be discontinued at times owing to the 
persistence of diarrhoea, nausea, distension and other symptoms. In 
short, the response to sprue treatment by oral methods was precisely of 
the same nature and degree as one would expect in the treatment of cases 
of sprue of like severity, with a markedly enhanced response in those to 
whom parenteral liver was administered in addition. 


The second outbreak of the disease occurred in a forward hilly 
area occupied by an army corps, several hundreds of miles north of the 
scene of the first outbreak described above. This area was visited by 
Ayrey in November 1943, but the date of onset coincided with the out- 
break previously described, symptoms mainly commencing in May and 
June with a large exodus of the sick to hospital from August to October. 
The Indian and British troops of all ranks had been affected with a 
preponderance of mild cases who had been treated by unit medical officers 
and had remained with their units. Accurate figures for the previous 
five months and from widely scattered units could not be obtained in 
the short time available. The Indians had suffered more than the British 
numerically; the general hospital alone had evacuated as unfit for service 
in that area 860 Indian soldiers in September and October, these re- 
presenting but a small percentage of the total affected. Over a period 
of four months, it was estimated that at least 1,000 British troops had 
had the symptoms in varying degrees; only a small percentage (approxi- 
mately 10 per cent.) had required hospital treatment. The highest 
incidence had coincided with the peak of malaria and dysentery outbreaks, 
Indian troops suffering predominantly from these diseases. The clinical 
features were identical with those described in the previous outbreak. 
Mild cases had responded to the same treatment and had remained with 
their units. In the British cases, varying stages in the development of 
the disease could be recognised: (i) previously fit men with prodromata 
only—apathy, anorexia, muscular weakness, flatulent dyspepsia, etc., 
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(i1) those with features of (i) but with the additional pale diarrhoea and 
sore tongue; (ili) those with features of (1) with sore tongue but without 
diarrhoea; and (iv) those with features of (11) and additional symptoms, 
varying in severity, of distension, anaemia, cramps, loss of weight, and 
pale, frothy, fermenting stools, including the severe hospitalised cases 
clinically indistinguishable from early tropical sprue. In the British 


cases, the stools varied from a pale, watery type to a frothy, pasty or 
porridgy consistence. 


In the Indian soldiers, the stools were almost invariably pale and 
watery; anaemia was more severe; all the 860 cases evacuated in Septem- 
ber and October had less than 60 per cent. haemoglobin. The inci- 
dence of antecedent and concurrent malaria and dysentery (with 
attendant anaemia, anorexia, reduced intake through restrictions during 
treatment, and increased loss of fluids from the bowel) was overwhel- 
mingly higher than in the British cases. The Indian patients were in 
consequence precipitated into an acute condition more quickly, the resul- 
ting malnutritional picture was mixed and sprue symptoms to some 
extent obscured by the features mentioned above. The British cases, 
on the other hand, were much more insidious in development than the 
Indians; only a small percentage reached the severe stage requiring 
hospital treatment and in them the features of sprue syndrome were more 
clearly defined. ‘The same history of unwholesome tinned fatty foods 
was obtained as in the previous outbreak. Although the malady 
was widespread in the base area, enquiries at the casualty clearing station 
and general hospital elicited the important information that there was 
no evidence of any similar cases having developed in the more advanced 
units in the fighting and patrol zones. 


Serious cases were constantly being transferred from the forward 
areas to the base hospitals. ‘The medical specialist of a military hospital 
in Calcutta stated that such cases were being diagnosed as sprue and that 
in many cases total fat readings of over 50 per cent. with excessive split- 
ting had been found. 


A study of the weekly ration schedules for a preceding period of 
three months for both the Indian and British troops showed only minor 
variations. These schedules were drawn up in advance in accordance 
with the Scales of Rations and Supplies (SRS), the scale providing for 
the issue of standard articles (the supply of which depended upon local 
purchase and availability) and a table of substitutes for those articles 
which could not be provided. This method was found to be unsatis- 
factory and the SRS were drastically amended in 1944. It will be readily 
understood that in a forward area the requisite supplies of fresh foods 
were at times impossible to obtain and their replacement by substitutes 
equal in essentials difficult to ensure. These weekly substitutes were, 
therefore, prepared in advance to ensure the issue of rations stated. 
They did not, however, represent the actual issues. Officers 
at the supply depots stated that fresh foods, especially meat, eggs, 
fruits and vegetables, had been in short supply for months and 
that the official policy had been to send the bulk of these articles to advanc- 
ed troops in the forward zones, adhering as closely as possible to the full 
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scales of rations authorised in the SRS. In the base area itself, it 
had not been possible to issue fresh meat more than once a week (occasio- 
nally twice) for several months. Eggs had been unavailable at the base 
for weeks on end. The issue of fresh fish was dependent on a catch in 
the local river, but this was never enough to supply more than one or 
two units at a time. Only occasional issues of fresh milk and fowl had 
been possible. Fresh vegetables had been very scarce for months and 
even when supplied were of poor quality; brinjals and pumpkins were the 
common ones issued when available, but in the main the troops had to 
depend on dehydrated substitutes, including potatoes. In the case of 
Indian rations, eggs were not an authorised issue and fresh meat (mutton 
or goat) had been issued once weekly on the average. The above 
observations were in keeping with the statements made by the troops 
themselves and unit cooks, many of whom were able to produce menus 
of actual meals cooked and issued during the preceding two months. 
Details of two specimen ration schedules, one for Indian and the other 
for British troops, showing the values of foodstuffs issued daily to each 
man, are given in Tables X and XI. Values for iron, sodium chloride 
and vitamin A and D have been omitted. The amount of pyridoxin, 
biotin, pantothenic acid and other vitamin B, complex components 
present in the foods mentioned have not yet been so accurately assessed 
as to render tabulation possible. | 


Reference to Table XI for the British diet would show that the omis- 
sion of eggs, fresh meat, fish and fowl from it would reduce the riboflavin 
value by 0°60 mg. to a total of 0°99 mg. and the nicotinic acid value by 
13°5 mg. to a total of 11:0 mg. Proportionate issues of the commonly 
substituted articles, such as corned beef (4 ozs.), tinned meat and vege- 
tables (28 ozs.) and tinned fish (2 ozs.) would restore the values of ribo- 
flavin by-0:23 mg. to a total of 1:22 mg. and of nicotinic acid by 3-0 mg. 
_toatotalof14'0 mg. The loss in cooking of riboflavin has been estimated 
at 10 per cent., and of nicotinic acid at up to 20 per cent. There 
is little loss of riboflavin during six months’ storage but up to 20 per cent. 
may be lost through storage at 115°F. for eight months. To these 
losses must be added what is known as plate wastage. If these losses 
are conservatively and inclusively assessed at 15 per cent., the approxi- 
mate values of the daily food consumed, in terms of these components, 
would be: riboflavin 1:04 mg. (1:22 mg. less 0°18 mg.); nicotinic acid 
12:0 mg. (14*0 mg. less 2°0 mg.). It has been stated that certain Indian 
canning processes resulted in a loss of up to 67 per cent. of riboflavin. 
No deduction has been made for issues of dehydrated potatoes, and as . 
the amounts of thiamin, riboflavin and nicotinic acid present in corned 
beef are a matter of disagreement (some authorities even stated that 
corned beef contained none of these factors), the figures given above 
will probably still represent too high an assessment. 


__ The normal (optimum) requirements of riboflavin and nicotinic 
acid for a diet of the above value, viz., 3,571 calories, under ordinary 
conditions would be approximately 3 mg. and 20 mg. respectively 5, As 


5National Research Council, United States of America, 1941. 
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regards these two components, therefore, the diet over a period of several 
reas may be said to have contained minimal or border-line levels at 
which impaired vitality and a diminishing level of fitness might be expect- 
cd to appear if not frank signs of specific deficiency symptoms. 



































TABLE X 
Analysis of the values of the daily rations for Indian troops—9 May 1943 to 
15 May 1943. 
Quan-| Prot- | Fat | Car- |Calor-|Cal i 
l uan-| Prot- | Fa ar- [Calor- |Cal-; Vit- | bo- |Nico-| Ascor- 
Commodity | tity ein bohy-| ies | ci- lamin |flav- Guia he. 
drate um; B, | in jacid! acid 
| ozs. | 8 g & | mg. | I.U. mg. mg.| mg 
Rice 11 |198| 3-3 (244-2 (1,089 | 11 | 88 0:22 3-3] 
Aita 1] 37:4 | 5-5 (995-5 1,100 (121 | 561 (0-66, 8:8 | | 
Dal A | 14-7 | 1-1] 38-0 221 |53| 98 0-17) 1-17. 
Ghee 191 o L35 a E S laed ae tee fue | om 
Milk (fresh) É 554| 60| 7:2! 102 204| 24 024 .. | 2 
Onions | 2 0°6 26; 12 ¡18 6 0:02 .. 6 
Potatoes t= 18| .. 1192| 63 | 6 | 33 0-06 0°9} 15 
Vegetables | 4 | 1-2 | 3-2} 16 |40' 20 0-04 0:4| 28 
Dal (whole) 12 | 12-6 | 1°0| 32-6] 190 |80| 84 [0-04 3-0} .. 
Sugar 24 py 63:0 | 252 us | we lea a 
Meat (fresh) [1.5/7=| 61 | 57] .. 77 | 4 | 9 0-09, 1:6 
1.28 | | | 
| E.P | | | | | 
Salt 4 | | PET mM 
Tea Pe | pe ak (ge EN “3 
Chillies 1 0-7) 0:5| 4:9 | 27 |1 | .. 0-03, . 35 
Garlic 1/6 _. a Pe | lew l, i 
Ginger (1/6 y lee ae le ae 4 
Turmeric 1/6 ki sé ai kag} D | +. 
Milk (tinned) 3 7:21 78) 99 138 (249) 18 0-30; 0-3 
Groundnuts (2=1.4| 112 |195| 3-1 | 232 |24 | 117 0-11 0-8 
E.P. Ooo | 
A Ts ees ee MEE A Seer eee see eee ee 
Total per day 118-7 108-9 653-4 65092 821 1,088)1-9820-27 86 
PERAR | 




















It has been generally assumed hitherto that a diet known to contain 
adequate amounts of thiamin, riboflavin and nicotinic acid also contains 
adequate amounts of other components of vitamin B, complex such as 
biotin, pantothenic acid, pyridoxin, etc. It is not unreasonable to assume 
that the reverse also applies and that in the above ration issue there was 
a continued inadequacy of vitamin B, complex components in general, 
Aykroyd and Gopalan (1945) showed that whilst nutritional diarrhoea res- 
ponded to nicotinic acid, the treatment of concomitantly occurring cases of 
sprue by the parenteral administration of riboflavin and nicotinic acid 
produced no amelioration, although the response to whole liver was 
immediate. It, therefore, appears that other components of vitamin 
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TABLE XI 


Analysis of the values of the daily rations for British troops—9 May 1943 
e to 15 May 1943. 


ma R 


Quan-| Prot- | Fat 














Commodity | tity ein hyd- | ies 
rate 
OZS 8- g g. 
Bacon (tinned)| 13 4-4 | 18:3 133 
Cheese | > 501 70 m 83 
Beans (tinned); 14 2:5 :6 37 
Bread (white) | 14 32-2 | 2-8 [218-4 [1,022 
Curry powder 100 ; Ea P 
Fruit (dates) y 0-3 i 79 39 
Fruit (tinned) | 2 0-2 : 8:2 34 
Fish (tinned) $ | 1-8) 1-1 | a 17 
Eggs 4/7No! 1°73} 1-6! 0-1 22 
=0.5 | 
E.P. 
Sardines $ 0-7] 008] «x 10 
Jam 2 ae 51 20 
Golden syrup | 3 “6 14°4 58 
Margarine 22 | 55-3 498 
Meat (fresh) ¡8=6 | 28-8 | 27-0 360 
E.P. 
Fish (fresh)  (3.3/7=| 8°5 | 0:5| 40 
1.9E P 
Fowl 2.6/7=; 10:2 | 4:0 76 
2E.P. 
Meat and $ 5:7) 45| 7:1| 103 
vegetables 
Milk (fresh) | 6 5:4| 60] 7:2] 102 
Game | 87 | iol o7] ss) a 
atmea 4 i 0 53 
Rice 12 2: | 0271 2745 | 127 
Onions 2 0:6 2:6 12 
Pepper 100 |. ar 
Potatoes 12=9 | 54 57:6 | 189 
T E.P. 
alt 4 T T 
aia 34 94°5 | 378 
ea } i ds ES 
Vegetables 8 2°4 si 6:4 32 
Flour (white) | 1 2:3| 0:3 | 21-6 98 


Total per day 121-6 180-6 489-5 
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Carbo-Calor- ae bo- 


ear 684 ~ 


gS a), p a Aj | | | A r | a a 


N 
Nico- |Ascor- 
ci- | min | fla- | tinic bic 
um; B, | vin| acid | acid 
mg. | LU. mg. mg. | mg. 
4 180 008) 0-4 
164 1 2 (0:10 .. |... 
24: 9 0-01] 0:3| 1 
56 | 70 (00.14 2:81... 
‘2 on oe aa oe 
6 | 4 oo 0:2| 2 
11} .. 10-01) 04 
8 7 (0-05 .. 
| 
e 0-01; 0-1 
A ES 
18 | 42 E 7:8 
13 11 0:07 1:1 
6114 (0:06 46 
| 

11 | 28 0:05; 0:8 
204 | 24 0:24 2 
4/12 0-01] .. 
3| 38 0-03) 2°2 
ig | 6 po i 6 
18| 99 0:18! 2:7 |45 
80 | 40 lo-os! 0:8 | 56 
5] 8 oor 0:3 

1:59! 24-5 |112 





B, complex are implicated in sprue. Itis felt, however, that the inade- 
quacy of riboflavin and nicotinic acid affords presumptive evidence 
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of the inadequacy of other fractions, especially as it is known that the usual 
sources of vitamin B, complex are precisely those foods which were so 
scarce—fresh milk, eggs, fish, liver, kidney and other fresh meats, fresh 
vegetables, potatoes, etc. Further, although the extent to which a defi- 
ciency of one component affects the activity of the others is not known, 
that such an interference does occur is likely in view of the close func- 
tional relationship of thiamin, riboflavin and nicotinic acid which recent 


research has shown to exist, particularly in their catalytic function of 
energy transformation by oxidation. 


Assuming that the Indian diet was issued as prescribed, the follow- 
ing deductions are necessary. It was stated that the rice available for 
several months had been mainly parboiled and polished. The loss of 
riboflavin and nicotinic acid during cooking (where the cooking water 
is not consumed) has been assessed at 30 per cent. in parboiled rice and 
70 per cent. in other rices, while the loss in other cooked foods is approxi- 
mately 10 per cent. Allowing for a 50 per cent. mean loss from rice, 
the riboflavin total would be reduced by 0°29 mg. to 1°69 mg., and the 
nicotinic acid total by 3'3 mg. to 16°9 mg. Storage and plate wastage 
would account for further losses. When meat was not available, tinned 
milk, or ghee and atía (or rice) were issued as substitutes. The issues of 
rice and atía varied and on days when rice was issued in excess of atta 
there would be smaller amounts of the components mentioned. Some 
dais contain only small amounts of riboflavin and pyridoxin, while no 
deductions have been made for the frequent issues of dehydrated potatoes 
and vegetables. If these further losses are collectively assessed at 15 
per cent., the Indian diet would approximately contain riboflavin 1:44 
mg. (i.e., 1°69 mg. less 0:25 mg.) and nicotinic acid 14°4 mg. (1.e., 16°9 
mg. less 2°5 mg.). The normal (optimal) requirements of such a diet 
of 4,032 calories are 3'0 mg. to 3-3 mg. ofriboflavin and 20 mg. to 23 mg. 
of nicotinic acid. The values calculated indicate a minimal or border- 
line amount of riboflavin and nicotinic acid. As in the case of British 
troops, subsistence on such a diet over a period of months would be expect- 
ed to result in a general deterioration of health and vitality with the 
possibility of specific deficiency symptoms appearing. 

It must be emphasised that both among the Indian and British 
sufferers subsistence on the diets quoted was for a limited period only. 
Once symptoms had appeared, appetite deteriorated, often rapidly, 
until the daily consumption was but a fraction of the values given in 
the appended scale of rations. 


Freedom from the syndrome described by units in advanced posi- 
tions has been referred to, in spite of their greater exposure and more 
arduous duties. The significance of this finding is rather important. 
These troops received the bulk of such supplies as of fresh meat, eggs, 
fresh fruits and vegetables as were available, their ration issues approxi- 
mating closely to the ration schedules, the details of which have been 
given, and in which the vitamin B, complex values were appreciably 
higher than in rations actually issued at the base area. This observation 
is considered a strong indication that the additional fresh foods had given 
to the advanced troops a protective vitamin balance. 
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The third outbreak of sprue occurred in May 1944 when an Indian 
artillery regiment was transferred to the northern area from Arakan 
where the unit had been a part of a division surrounded by the Japanese 
and for six months had been subjected to most arduous conditions. For 
the greater part of this period they had been dependent on air-borne 
supplies. After transfer to the northern area several men were admitted 
to hospital with sprue symptoms: glossitis, angular stomatitis, anaemia, 
prolonged muscular weakness, pale and watery stools, and severe loss of 
weight. The total strength of the unit was 985. Their general apathy 
and listlessness were striking. Two hundred had mild symptoms; 90 
moderate; and 96 were severely affected and immediately admitted to the 
hospital. (This number later increased to 112). About 40 per cent. 
personnel of the unit were obviously affected. The incidence was signi- 
ficant. The Bikaneris numbered 235, of whom 141 (or 60 per cent.) 
had the disease. The Ahirs comprised half the unit and of these 130 
(or 26 per cent.) were affected. The State of Bikaner had been visited 
by famine and flood in 1940-41, and it was stated that the majority of 
Bikaneris were recruited shortly afterwards. Antecedent malaria infec- 
tion was also highest in the Bikaneris and Ahirs in that order, and their 
general physique was not as good as that of the Punjabi Mussalmans 
who suffered least from sprue symptoms and in whom the malaria inci- 
dence was lowest. The average duration of symptoms before the first 
admission to hospital was only three to four weeks. Malnutrition must 
have been present, however, before the advent of glossitis, diarrhoea, 
etc., as the loss of weight in severe cases was high, one man having lost 
40 lbs. and the majority over 28 lbs. 


The issues of food had been carried out under severe emergency 
conditions and no accurate records were available. The daily food 
issues, shown in Table XII, are based on the statement of four officers. 


| TABLE XII 
Analysis of the values of the daily rations for Indian troops (mountain artillery 
regiment) —May 1944. 


—— AAA 
Quan- | Prot- | Fat Carbo: Calo- | Cal- Vita. Ribo- | Nico- 











Commodity | tity | ein hyd- | ries {cium | min | flavin  tinic 
OZS. g. g. rate mg. B, mg. | acid 
g LU. mg 
Blscalte | | 
(Shakarpara) 4 10:4 | 17:2 | 80:0 | 520 32 80 0°12; 0:8 
Aita 5 17:0 2:5 |102°5 | 500 55 255 0-17 70 
Rice 5 9:0 1°5 1111-0 | 495 5 40 0-10 1-5 
Dat 3 18:3 2°1 | 49:5 | 29] 141 123 0°22 | 1°5 
Milk (tinned); 3 7'2 7:8 9-9 | 138 249 18 0-30: 03 
Ghee 2 .. | 52°0 | 456 > pa 
Tea 4 Y O ae a es rä ys T 
Sugar 24 Pae ae 63-0 252 si | T ER 
Total per day | 61:9 | 83-1 415-9 2.652 | 482 | 516 | 0-91 111 
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of the unit, and approximately represent the daily allowance over a period 
of at least three months. Atta and rice were issued in daily amounts 
of 10 ozs, per man; in the assessment made, it has been assumed that an 
average of 5 ozs. of each of these articles was issued during the period. 


The amounts of sugar, tinned milk and ghee are approximate. 
Salt, chillies, turmeric, etc. have not been included. The usual weekly 
‘extras’ were not available. One orange or banana per man and one 
ration of vegetable had been issued monthly. There was some doubt 
as to whether two or three issues of meat had been made in six 
months. It will be noted that the above rations contained no animal 
protein, fresh milk, eggs, fruits or vegetables; the small amounts of the 
fruit and vegetable articles issued monthly and the two or three issues of 
meat over a period of six months are negligible. The diet consisted of 
74 per cent. of carbohydrates. With regard to thiamin, riboflavin and 
nicotinic acid, making the same percentage deductions for losses in cook- 
ing as mentioned previously in the second outbreak, the above values 
would amount to 1'3 mg. of thiamin, 0°78 mg. of riboflavin and 9°3 
mg. of nicotinic acid. Plate wastage, issues of rice in excess of atta or 
poorer quality dals would still further reduce these amounts. Further 
reduced intake through eventual loss of appetite was an additional factor 
and was described as pronounced. The optimum requirements for a diet 
of the above calorie value are thiamin 1-5 mg., riboflavin 2°2 mg. and 
nicotinic acid 15 mg. The results of analysis of urine, of three groups of 
eight men each, for nicotinic acid excretion carried out at the All-India 
Institute of Hygiene and Public Health, Calcutta, are given in 
-Table XITI. 


TABLE XIII 
Results of analysis of urine of three groups of eight men each, for nicotinic acid 


excretion carried out at the All-India Institute of Hygiene and Public 
Health, Calcutta. 





Apparentiy fit with no Mild symptoms but Severe symptoms in- 
Symptoms | without diarrhoea cluding diarrhoea 








Nicotinic acid in 
24 hours’ urine 
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mg. mg. | mg. 
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4:1 1 5'5 1 1:4 

> 5-1 2 3°] | 2 1:9 

3 73 3 21 | 3 1-7 

4 2D 4 3:1 4 2-7 

5 3-7 | 95 4°5 5 2-2 

6 5-0 6 | 1-2 6 0:9 

7 5-6 7 4:3 7 2:0 

8 8:7 y 8 | 3-4 8 0-7 

Average 5:3 Aver- 34 Aver- 1:6 
age age 
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It may be pointed out that, ten days prior to the carrying out of 
the tests, the troops had been subsisting on the full and more generous 
scale of rations, including fresh meat, milk, fruits, vegetables and larger 
daily issues of atta, rice and dal. Allowance must, therefore, be 
made for this in interpreting the results, Since the entire unit had 
previously received the same low diet, subnormal nicotinic acid excretion 
levels might reasonably have been expected even in the apparently fit 
members. For purposes of comparison the excretion level in 24 hours 
for normal Indian subjects may be taken as 6°77 mg. of nicotinic acid for 
wheat-eaters and 3°15 mg. of nicotinic acid for rice-eaters. The striking 
feature of the results of analysis is that the nicotinic excretion levels were 
precisely parallel with the degree of clinical involvement in the three 
groups. Coincidental riboflavin analysis could not, unfortunately, be 
made. 


The response to treatment on the usual lines was satisfactory, and 
there was quick amelioration of all the symptoms. With the exception 
of those in the hospital, the rest of the men after treatment in unit lines 
for three weeks proceeded into action and acquitted themselves well. 
It was later on discovered that at least three other units of the brigade to 
which the above mountain artillery regiment belonged and which 
had been subjected to the same conditions in Arakan suffered from 
the same syndrome. 


The above description is based on observations made by Ayrey 
(1948). After a careful consideration of the clinical and aetiological 
features and response to treatment, he came to the conclusion that 
the syndrome was tropical sprue seen in its various stages of development 
and that the primary aetiological factor in its production was a dietary 
deficiency of certain components of the vitamin B, complex. Whether 
this syndrome is to be called sprue, para-sprue, pre-sprue, non-tropical 
sprue, he stressed recognition of the basic aetiological factor in its produc- 
tion. 


ANAEMIA AMONG THE INDIAN TROOPS 


During the monsoon of 1944, a syndrome having the features of 
marasmus and anaemia with associated evidence of vitamin deficiencies 
was found to prevail amongst the Indian troops and almost entirely 
confined to them. The GHQ (India) decided to investigate the problem 
in order to determine the clinical features and the type of anaemia in 
modern haematological terms. The investigation was conducted by 
Girdwood (1948), and almost the whole of the following description 
is based on his account. The cases were seen by him in the various 
transit hospitals interspersed between the fighting areas of Burma and 
the base hospitals in India. Some of the patients were already on the 
road to recovery. | 


The syndrome of wasting and anaemia was found to have a seasonal 
incidence, cases being more numerous towards the end of the monsoon; 
and it was largely confined to the troops stationed east of the river 
Brahmaputra. The aetiology was obscure. The investigation comm- 
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enced only several months after the 


had been very acute. 1944 monsoon when the problem 


In May 1945, a haemoglobin survey was carried out of 500 Indian 
troops of various races and castes, passing through a transit hospital in 
Bengal, The patients were unselected, except that no acute surgical 
cases and no patients suffering from acute malaria were included. Esti- 
mations were carried out on a Sahli instrument that had been standardis- 


ed for a 5-minute reading. Capillary blood was used. The results are 
summarised in Table XIV 


TaBLe XIV 


Distribution of haemoglobin values (capillary blood) in a hospital population 
| of Indian troops. . 





Haemoglobin (grammes per 100 c.c.) 
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No significant difference was observed between the figures for rice- 
eaters, atta-eaters and those who ate both rice and atta. The mean 
haemoglobin for 440 meat-eaters was 14°19 g. per 100 c.c.. and for 60 
non-meat-eaters it was 14:02 g. per 100 c.c. The difference is not 
statistically significant. Owing to supply difficulties and religious 
prejudices regarding the methods of preparation of meat, many of the 
non-vegetarian troops fighting in the jungles received only negligible 
quantities of meat. The above sample included both fighting troops 
and men from ancillary units, all of whom were being evacuated west- 
wards to the base hospitals in India. There was no significant difference 
in the mean haemoglobin values for various groups or units, except in the 
case of the Pioneers who were significantly lower than either the infantry 
or the other ancillary units. During the period of investigation, however, 
the Pioneers passing through the hospital included an unduly high 
proportion of very recent recruits with less than a year's service. Ámong 
the 500 patients, whose haemoglobin was estimated, there were 107 
Pioneers with a mean haemoglobin of 13:25 g. per 100 c.c. 


In June 1945, a special anaemia centre was opened at a military 
hospital in Eastern Bengal for the diagnosis and treatment of anaemia, 
avitaminosis and malnutrition. All cases admitted to the centre during 
- a period of 28 days in July were seen; a haemoglobin estimation and a 
red cell count were carried out. During this period, 93 new cases were 
admitted to the centre from areas east of the river Brahmaputra. The 
blood figures were as shown in Table XV. 


Sixty-one of the patients had stool examinations carried out for 
ancylostomes by the concentration method. Twenty-five cases, or 
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41 per cent., were positive. The mean corpuscular haemoglobin for 25 
cases shown to be suffering from ancylostomiasis was 26°5 YY, and for 
the 36 cases whose stool examinations were negative it was 34°81 YY. 
This difference is significant. The mean haemoglobin for 27 non-meat- 
eaters was 11:44 g. per 100 c.c. and for 66 meat-eaters it was 11:26 g. 
per 100 c.c. This difference is not significant. 


TABLE XV 


Haemoglobin and red cell count of Indian troops admitted to a special anaemia centre 
with a diagnosis of anaemia, avitaminosis or malnutrition. 





Mean corpuscular haemo- 
Haemo- [Mean hae- | Mean red globin (number of cases) 
globin | moglobin ¡Number of | cell count ————_——-..————- 


group (g. (g. per 100 cases (per c.mm.) Les des 50-55 iaa 





per 100 | C.C.) 97 39 
c.c.) 
2- 3 T = “i is sy 
3. 4 3-9 ] 3,060,000 1 EA ci 
4 5 4-6 2 1,995,000 l tT l 
5- 6 5-7 2 3,340,000 2 ad a 
6- 7 6:5 4 2,253,000 Z l l 
7- 8 7-4 6 3,093,000 4 1 l 
9 8:5 6 3,058,000 3 I 2 
9-10 9-6 10 3,258,000 3 3 4 
10-11 10:4 15 3,720,000 5 5 5 
11-12 11-5 10 3,435,000 ae 5 S 
12-13 12-5 7 3,517,000 T l 6 
13-14 13-6 7 4,274,000 a 3 4 
14-15 14-5 11 4,557,000 l 4 6 
15-16 15-4 9 4,982,000 he 5 4 
16-17 16-6 3 | 4,230,000 . | 3 
Number | 93 | 22 | 29 42 
of cases | | | 
| 


One hundred and twenty-four IORs, believed to be suffering from 
the marasmus syndrome, were also examined during the course of this 
investigation. It was difficult to decide which cases should be included 
in the clinical survey, as there were various gradations of the clinical fea- 
tures, and some patients had improved in the forward hospitals after 
prolonged treatment, prior to being seen in connection with the present 
investigation. All those chosen appeared to be suffering from a similar 
disease, the prominent features of which were persistent diarrhoea, for 
which no cause could be found, wasting, glossitis, abdominal discomfort 
and anaemia, which was usually macrocytic in type. In the great majo- 
rity of the cases, the blood film showed macrocytosis, anisocytosis, ovalo- 
cytosis and poikilocytosis. In the more severe cases, normoblasts and 
megaloblasts were present in the peripheral blood. Owing to lack 
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of standardised apparatus in the early part, haematological examinations 
could be carried out satisfactorily in 27 cases only, but it was possible 
to establish accurately that in 101 cases the anaemia was macrocytic, in 
22 orthocytic, and in only 1 microcytic. The distribution of the types 
of anaemia in 27 cases was 17 orthochromic-macrocytic, 8hypochromic- 
macrocytic and 2 hypochromic-orthocytic. It was usual, but not invari- 
able, to find megaloblasts in the bone marrow of these patients. These 
cells were indistinguishable from the megaloblasts that one finds in 
addisonian (pernicious) anaemia except that haemoglobinisation of the 
intermediate megaloblasts was less advanced than in the latter condition. 


Examination of the previous hospital records of cases believed to 
be suffering from the marasmus syndrome showed that many cases of 
megaloblastic anaemia were resistant to any form of therapy. Many 
had been given courses of quinine or mepacrine without haematological 
improvement. Others had been given crude liver extract by injection 
or an autolysed yeast preparation by mouth without significant improve- 
ment in the general condition, the number of stools, or the blood picture, 
even when this therapy was preceded by the administration of quinine. 


_ The syndrome described above did not affect either the British or 
African troops stationed in the same area to any great extent, nor 
was it seen in Indian troops composed of a similar population but station- 
ed in other parts of India. The cause was uncertain, but the general 
features of the condition were similar to those of sprue. The blood 
picture resembled that of nutritional macrocytic anaemia, which 
responded to autolysed yeast preparations by mouth, or to crude liver 


extract by injection, but not to injections of refined liver extract prepara- 
tions. 


Passmore (1949) gave an account of 127 cases of severe anaemia 
occurring amongst the Indian troops evacuated from the Burma front. 
The majority of anaemias were macrocytic, but they differed from the 
general description of tropical macrocytic anaemias in that for the most 
part there was no response to accepted nutritional remedies and in many 
cases there was no evidence of associated malnutrition. He thought 
that anaemias in the Indian Army generally fell into two groups. Firstly, 
there was a group in which the healthy bone marrow was unable to pro- 
duce a sufficiency of circulating haemoglobin, either because of lack of 
supplies of essential blood-forming components in the diet or because of 
excessive demands due to the destruction of blood from some extraneous 
cause. In his view, the principal causes of such anaemias amongst the 
Indian soldiers were malaria, defective food intake and ancylostomiasis, 
although many other factors were occasionally contributory. In general, 
these anaemias were extremely common, but they were rarely severe and 
responded satisfactorily to treatment. / On account of their frequency, 
they presented a most important military and administrative problem, 
but inasmuch as a causal factor could usually be found and recovery 
was generally satisfactory after its eradication, they did not present any 
serious difficulties. Secondly, there was a group m which the bone 
marrow itself was diseased and was unable to produce adequate amounts 

of blood, despite an apparent sufficiency of nutriment materials and 
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the absence or eradication of any disease factors, making for excessive 
blood destruction. These he called refractory anaemias owing to the 
evidence of a general bone marrow failure. For the most part they result- 
ed in severe prolonged illnesses, resistant to treatment and with a consider- 
able mortality. The majority were macrocytic. These refractory 
anaemias were not so common as to affect seriously the fighting strength 
of units. Further, since each case remained several weeks, or often 
months, in hospital, they provided many problems and were a constant 
source of difficulty to the base hospital staff. 


It may be pointed out that there is no hard and fast distinction 
between the two types of anaemias described above. In particular, if 
a symptomatic anaemia is allowed to proceed for a long time without 
treatment, bone marrow changes may develop and it may slip impercepti- 
bly into the refractory type. Further, these severe anaemias do 
not present a uniform pathological picture. 


Taylor and Chhuttani (1945) investigated the cases of 50 unselect- 
ed men suffering from anaemia in the Middle East between 1 May 
and 15 September 1944. They occurred among a population of adult 
male Indians (17,000 meat-eaters and 1,118 vegetarians), all the sick 
of which were admitted in one hospital. The locality was a desert and the 
climate was extremely hot in summer. There was practically no fresh 
malaria, and the dysentery rate was very low. Out of the 50 men 
examined, 27 were vegetarians, 2 were temporary vegetarians and 21 
meat-eaters. The vegetarians had never eaten meat or eggs. The 
vegetarians and meat-eaters were fed from the same kitchen and were 
equally exposed to malaria, hookworm and other diseases. 


Their diet consisted of 18 ozs. of atta or rice, 24 ozs. of dal, 340zs. of 
ghee (clarified butter or vegetable oil), 2/3 oz. of condiments, 2 ozs. of onions, 
2 ozs. of potatoes, 4 ozs. of fresh vegetables, and 6 ozs. of fresh mutton 
with bone for five days in a week. Leafy vegetables were issued for only 
a few months of the year. The vitamin A content of the diet was known 
to be low. In lieu of fresh meat vegetarians were supplied with 44 ozs. 
of tinned milk three days a week, and 3/4 oz. of ghee and 3 ozs. of atta 
or rice for two days a week, The milk issue amounted in practice to one 
tin of unsweetened condensed milk containing 13 fluid ozs., equivalent 
to 26 ozs. of fresh milk each week. But of the 27 vegetarians with anaemia 
only 11 had received milk in lieu of meat. No one had bought any extra 
milk from canteens or elsewhere. The meat ration of 6 ozs. of fresh 
mutton with bone for five days a week amounted to 4 ozs. without bone. 
Excluding milk and meat rations, the diet contained over 3,000 calories 
and over 80 g. of vegetable protein. 


The haematological classification of the cases was 2 normocytic- 
orthochromic; 15 normocytic-hypochromic; 3 microcytic-hypochromic; 
25 macrocytic-hyperchromic; 4 macrocytic-orthochromic; and | macro- 
cytic-hypochromic. It was found that 17 out of the 20 normo-microcytic 
group were meat-eaters, and 26 out of the 30 macrocytic group were 
vegetarians. The remaining 4 were meat-eaters and cases of sprue. 


A full blood investigation of these 50 consecutive cases of anaemia 
showed that the admission rate to hospital for anaemia per 1,000 of popu- 
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lation among the vegetarians was 22 times greater than among meat- 
eaters. The incidence of severe anaemia was greater in vegetarians 
than in meat-eaters in this series. The anaemia differed in type 
and severity in the two groups, being mainly macrocytic in the vegetarians 
(nutritional or tropical macrocytic anaemia) and hypochromic and either 
normocytic or slightly microcytic in the meat-eating group. No cases 
of nutritional macrocytic anaemia were seen in the meat-eaters. 


_ The difference in the habits of the two groups, which were other- 
wise alike, was that social customs prevented the vegetarian group from 
eating the weekly ration of 20 ozs. of fresh mutton which was consumed 
by the meat-eaters. The absence of this meat appeared to be the cause 
of macrocytosis and severity and frequency of anaemia in the vegetarian 


group. 
FACTORS UNDERLYING SICKNESS IN THE ASSAM-BURMA REGION 


Marriott (1945) was of the opinion that the cases of sickness observed 
in the Assam-Burma region fell under two groups which may be regarded 
as states of malnutrition secondary to the effects of disease—a sprue- 
like syndrome found both in the Indian and British troops, and anaemia 
noted almost entirely among the Indians. A course of sulphaguanidine 
was found usually to lessen the diarrhoea, so common among the troops 
with sprue-like condition, but did not often completely stop it. He 
considered that many of these cases had probably begun with an infective 
diarrhoea which led to a vicious circle: diarrhoea—failure of absorption— 
vitamin B complex deficiency——-diarrhoea due te deficiency. The 
development of this vicious circle indicated a sub-optimal nutritional 
state in regard to vitamin B complex. The essential lesson in Marriott’s 
opinion of these cases was that, in regions where diarrhoea was 
present, the diet should contain an excess of vitamin B complex. “The 
War Office had then introduced a compound vitamin tablet (1 mg. 
thiamin, 1 mg. riboflavin, 10 mg. nicotinic acid and 25 mg. ascorbic 
acid), which was issued to all the troops, at the scale of one tablet per 
man per day. The tablet was regarded as a valuable adjunct to rations, 
the quality of which could not always be ensured, and its issue was not to 
be made an excuse for failure to insist on diets balanced and generous in 
all respects. Here it may again be pointed out that the sprue-like syn- 
drome was common among the troops in the base area of the Assam- 
Burma front, but the units in the more advanced or forward positions 
were free from the condition. The latter were supplied with fresh foods, 
particularly fresh meat, eggs, fresh fruits and vegetables, and their 
rations had higher vitamin B, values, but the former, owing to the limited 
supplies available, had to depend upon rations tn which these items were 
generally absent for months and only occasionally supplied. 

The anemia found in the Indian troops was thought by most 
physicians to be related to the inadequacy of meat supplied in their diet. 
The primary cause was generally malaria with an element of hookworm 
infestation in a minority of cases (Marriott, 1945). 

It may be stated that very little anemia was seen in the 
British troops who suffered from malaria as much as the Indians. 


44 PREVENTIVE MEDICINE 


Indian infantry troops tended to lose condition more rapidly and to 
recover from repeated attacks of the disease less completely than the 
British. Most of the anemia cases occurred during a period 
rather difficult from the supply view-point. Many men had been in 
the siege of Imphal. The dry rations of cereal, dal, tinned milk, sugar 
and tea had in almost all cases been supplied regularly but the vege- 
table ration was of poor quality and supplied once or twice a month and 
meat two or three times a month over long periods. Considerable num- 
ber of the anemia patients were strict vegetarians. The scale of meat 
for the Indian troops was only 6 ozs. daily. Anemia was not seen in the 
Indian troops in the Eastern Command nor in the Arakan area where 
the troops usually received the full field scale of animal protein though 
they were subject to malaria. It was, therefore, considered probable 
that the difference noted in the behaviour of Indian troops in falling 
victims to anamia was in some way related to the dissimilarity between 
the Indian and British rations in respect of animal foods. The classes, 
however, which tended to show unusually impaired fighting fitness, 
were the Indian supporting troops who often sank to a condition charac- 
terised by severe wasting, anemia and chronic diarrhoea; the course of 
recovery was long and protracted, and severe cases often proved fatal. 
Such men filled the hospital beds to a not inconsiderable extent and 
clogged the machinery for evacuating casualties and providing reinforce- 
ments. Since all classes of Indian troops were fed on the same standard, 
there was little doubt that this lack of resistance was partly related to the 
low recruiting standards and inadequate nutritional background during 
the training period and before enlistment. 


The type of malnutrition described was, however, not confined 
to the Indian supporting troops, but was more common among them than 
the Indian front line troops. The latter were, at times, reduced to a 
similar state under exceptionally severe conditions. The British troops, 
although they fell victim to disease under equally severe conditions, very 
rarely failed to recover rapidly and completely. The inference seemed 
to be that the diet of Indian troops contained a bare reserve of hamo- 
poietic elements and vitamins, and during active operations this small 
balance in the diet was often upset on account of transport difficulties 
and the consequent failure of adequate supplies to reach them. The 
British soldier, who existed on a much bigger margin, rarely suffered 
from these grave anemias. 


SIGNIFICANCE OF ANAEMIA IN THE ARMY 


The significance of anemia in the army was two-fold. Firstly, 
it reduced the efficiency of the soldier—he became listless, tired easily, 
and had poor resistance to infection. Secondly, it served as an index 
of malnutrition. Although the precipitating cause in the Indian soldier 
was usually malaria and occasionally ancylostomiasis, it was noticed 
that these diseases only very rarely produced severe anemia when the 
diet was adequate. The two anemias of importance to the army were 
the macrocytic anemia caused by the deficiency of a substance present 
in liver, and microcytic-hypochromic anzmia in which there was a defi- 
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ciency of iron. In practice, the two were often found in combination, 
and, according to the relative preponderance of the two deficiencies, cases 
of hypochromic anzmias, which were either macrocytic, normocytic or 
sometimes microcytic, occurred. The colour index in nearly all the 
three was low, and liver was found necessary for their cure. 


_ Surveys carried out among the tea garden labourers have shown 
their hemoglobin to range from 3 g. to 13 g. per 100 c.c. Those at the 
lower end were obviously cases suffering from anemia, but many of 
those, who were at the upper end and better than their fellow labourers, 
would still be regarded as anemic according to the accepted standards. 
We thus get an insight into the nature of the problem presented by the 
recruitment of large numbers of soldiers from this class in India. The 
poor nature of their diet and its lack of adequate quantities of green leafy 
vegetables and foods of animal origin such as meat, fish, eggs and milk 
have often been the subject of comment. Even in the wheat-eating 
provinces of India, where the diet contained more dairy produce and 
a small amount of meat, the standard of nutrition was not markedly 
superior to that of the Madrasis and Gurkhas, and anzmia was relatively 
just as common. ‘These wheat-eaters were also the victims of endemic 
hookworm infestation and malaria. Deworming, anti-malaria treatment 
and full doses of heematinics did not raise the hemoglobin standard of such 
persons above 12 g. or 13 g. per 100 c.c. Although their red cells 
became fully saturated with hemoglobin, they remained smaller than 
normal, i.e., they still suffered from orthochromic-microcytic anemia. 
The persistently low haemoglobin level of the labouring and agricultural 
classes in India has been generally ascribed to inadequate diet, especially 
to the deficiency of foods of animal origin. The investigations mentioned 
earlier had also revealed that there was a certain amount of iron deficiency 
anemia present among the Indian soldiers. This type of anemia is 
generally considered to be due to the inadequate intake of iron or to the 
excessive iron (i.e. blood) loss. Usually both the factors operate together. 
The greater the iron intake, the greater is the blood loss which can be 
borne without anemia developing. The Indian soldier’s iron intake was 
certainly not inadequate as his diet contained at least three times the 
minimal requirement. He did, however, lose blood by hookworm 
infestation, but it was rarely that the infestation was heavy enough to 
produce severe anemia simply by hemorrhage. Heavy infestation was, 
however, found to be commoner in severe anemia, and 1t was most likely 
that the precipitating cause of such anemia was hookworm infestation. 


NUTRITIONAL STATUS OF IORS AS OBSERVED BY THE CANADIAN NUTRITIONAL 
; RESEARCH TEAM IN 1945 IN THE FOURTEENTH ARMY 


While the Indian recruits showed undoubted improvement in 
their physical condition on army rations, many of them loan de im- 
possible to get rid of the clinical evidences of past nutritional distur anons: 
These were noted mainly in the eyes and mouth; the skin, gums and other 
organs showed comparatively little disturbance. The Canadian Nutri- 
tional Research Team, ALFSEA (1945), which made an investigation 
into the nutritional status of over 1,000 IORs in the Fourteenth Army 
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from February 1945 to July 1945 found the following stigmata of 
nutritional disturbances:— 


TABLE XVI 
Percentage of IORs of the Fourteenth Army showing stigmata of nytritional 
disturbances. 





Lesions | Per cent. 
Avitaminosis A: | 
Marked active eye lesions 
Marked chronic eye lesions 
Mixed lesions (nearly all chronic) 
Phrynoderma ' ee 
Corneal invasion—Limbic vessels 


i 
| 
Angular stomatitis |. as f 


— f 
eI OSs) © Or 


Cheilosis 
Glossitis .. 
Miscellaneous lesions 


TT 


Clinically, it would appear that the diet taken by the Indian soldiers 
examined was somewhat deficient in riboflavin and vitamin A, but the 
majority of the eye lesions which could be ascribed to vitamin A deficiency 
were old lesions, probably dating from childhood, and it was extremely 
doubtful if they would have cleared up with intensive vitamin A therapy. 
Under conditions of environmental stress, many of these IORs showed 
symptoms, indistinguishable from those which occur in vitamin B com- 
plex deficiency, while some of them presented signs and symptoms of 
anemia and chronic calorie deficiency. 


Biochemical Findings: Evidences of chemical inadequacy were 
detected in a number of IORs as shown in Table XVII. 


TABLE XVII 


Biochemical nutritional status of IORs of the Fourteenth Army—Percentage of 
IORs showing evidence of chemical inadequacy. 


Percentage 
Constituents A AAA 
Moderate | Severe 





poe inadequacy ¡A aE inadequacy 
Haemoglobin be 11 5 
Serum protein 15 .. 
Chloride D + 
Vitamin C 41 3 
Riboflavin . 79 
Thiamin 2 
Methyl-nicotinamide | 7 
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The biochemical findings, which are recorded in Table XVIII, 
show the actual average measurements of each of the chemical constituents 
of the body. These when compared with Canadian and United States 
Army standards show that major inadequacies occurred in vitamin C and 
riboflavin levels. The hemoglobin and protein levels were also below 
par, and in the rice-eating JORs thiamin excretion levels were not very 
satisfactory, In some units chloride inadequacies existed. 


TABLE XVIII 


Biochemical nutritional status of IORs of the Fourteenth Army—Actual average 
measurements of chemical constituents of the body. 
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Hemoglobin: The average hemoglobin level of the IORs in the 
Fourteenth Army was only 85 per cent. of the average normal European 
level (16 g. per 100 c.c.). Only 75 per cent. of the IORs studied 
had hemoglobin levels which fell within the mean levels for Europeans 
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, ‘4 e. per 100 c.c.). Of the remainder, 16 per cent. were 
aad i is iie first mo years of service in the Fourteenth 
Army, the average of hemoglobin level of the IORs dropped by 14 g. 
per 100 c.c. Although this may have been partly due to malaria 
and hookworm infestation, yet it would be impossible to deny that 
the negligible quantities of meat, which the IORs received while 
on active service in this theatre, had no contributory effect. It was 
also seen that Jats, who were strict vegetarians, had the lowest 
average hemoglobin levels when compared with other racial or 
religious groups studied. Many an JOR in the field appeared to be in 
need of ferrous sulphate for anemia. A noteworthy point was the 
significantly higher hemoglobin level found among the rice-eating [ORs 
from Madras and other provinces when compared with those who habi- 
tually consumed atta. ‘The former had 155 g. of hemoglobin per 100 c.c. 
as against 14°2 g. in the latter as shown in Table XIX. 








TABLE XIX 
Biochemical nutritional status of rice-eating IORs compared with atta-eating 
IORs. 
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The low hemoglobin level found among the atta-eaters may or. 
may not have some connection with the theory that atta contains a 
substance which interferes with the production of hemoglobin. 


Serum Protein: The average serum protein of the IORs (5:7 g./100 c.c.) 
was 88 per cent. of the normal average level (6°6 g./100 c.c.). Only 
39 per cent. of those IORs who were studied had protein levels which 
fell within mean normal blood levels (6-0 g. to 7-3 g./100 c.c.) and 15 per 
cent. had levels of 80 per cent. or less. One IOR had oedema of his 
legs and a protein level of 4'3 g./100 c.c. The lowered level of serum 
protein probably indicated that the protein reserves were low. A combi- 
nation of low hemoglobin and serum levels is likely to affect convalescence 
adversely after severe wounding, burns, injuries or serious illness. Low 
protein reserves also reduce the normal resistance of the body to severe 
injuries. The low level of protein observed amongst the IORs was 
almost undoubtedly the result of inadequate nutrition in civilian life, 
While the IOR may have improved somewhat on army rations his protein 
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and hemoglobin levels did not rise to normal owing to the inadequate 
supply of animal proteins (especially fresh meat). 


Serum and Urinary Vitamin C: The low levels of serum and urinary 
vitamin G found among the IORs may have been due to three factors. 
Firstly, fresh fruits and vegetables were in short supply during the early 
part of 1945; secondly, it was noticed that units generally underdrew 
their ration allowance of these items. The third factor, which is probably 
the most important, was that, while some of the vitamin C available 
was spoiled by improper handling and storage of vegetables and fruits 
en route from the rear air-base to dumps and depots in forward areas, a 
large amount was destroyed in the cook-houses by bad methods of prepara- 
tion and cooking. Many of the cooks in the units were only partially 
trained. Fresh vegetables were sometimes kept for a day or more before 
they were cooked, and they were nearly always cooked for some hours at 
a high temperature in ghee and water. The Army Catering Corps 
personnel available were too few in number to supervise both IOR and 
BOR catering and cooking. It was noted that the units (e.g. 578 
Indian Supply Company), which had well trained cooks and easy access 
to fresh fruits and vegetables, had good vitamin C levels. 


Urinary Riboflavin: Practically the only sources of riboflavin avail- 
able to the [ORs were evaporated (tinned) milk and atta. Tinned milk 
was usually taken with tea and when used in this way some was invariably 
wasted. Madrasis and other rice-eaters, who often added milk to their 
rice and thus wasted less milk, were found to have higher urinary ribo- 
flavin levels than atía-eaters. But, none the less, the average urinary 
output of riboflavin of all the IORs was very low when compared with 
the North American standards. When judged by those standards, over 
three quarters of the IORs showed biochemically inadequate levels. 
Furthermore, a number of them had clinical signs of ariboflavinosis. If 
a slit-lamp had been available, it is quite probable that considerably 
more men presenting lesions of riboflavin deficiency would have been 
discovered. It is not surprising that the situation with regard to ribo- 
flavin was not satisfactory as analysis of ration issues showed that the 
most an IOR got was one-third to one-half of his daily requirement of 
this vitamin. Generally speaking, the units did not care to obtain the 
tinned milk available to them in lieu of the non-existent meat ration, 
because they usually had enough milk for tea from the standard muk 
ration and their cooks did not seem to have the initiative or training to 
make use of the extra tinned milk in cooking?. 


Urinary Thiamin: The average thiamin level of the ORs examined 
was excellent. Although the thiamin levels were well above normal in 
the affa-eaters yet they were rather low in the rice-eaters. It, therefore, 
seems desirable to encourage the rice-eating IORs to use more atta, not 
only for chapatties but also for preparing other acceptable dishes. Under 
environmental stress, the thiamin levels of even the atta-eating IORs 

was found to fall from 14°5 mg./hour fasting to 8 mg./hour fasting. 
DA A AA 





6 Recent experiments, carrie 1 out in the refugee camps in Bombay, have shown that if 
skimmed milk powder is used in chapaities (while kneading the atta) atthe rate of 1 to 14 ozs. 
per person per day it helps to overcome protein deficiency in diet and also speedy recovery 
cases of protein malnutrition. 
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Urinary Methyl-Nicotinamide: Urinary excretion of this substance 
among the IORs was generally speaking at a high level. 

Urinary and Serum Chlorides (Salt) : On the whole the levels of urinary 
and serum chlorides in the IORs were fairly satisfactory especially in units 
which salted their water or their atta. This was done wherever the 
commanding officers understood the importance of adequate salt intakes 
for hard working troops in hot environments. In some units the average 
chloride levels were low, many of the men had severe chemical inade- 
quacies, and salt and water disturbances occurred. It appears that in 
these units there was either a lack of knowledge about salt intake or a 
failure to implement this knowledge. 

Environmental Stresses and Nutritional Status: The investigations carried 
out by the Canadian Nutritional Research Team also showed that severe 
and prolonged environmentalstresses had an insidious effect on the health 
and fitness of inadequately fed IORs. The length of service in forward 
areas affected their biochemical nutritional status asshown in Table XX, 
and the significant finding was the drop in the hemoglobin level which 
occurred during active service. 


TABLE XX 


Biochemical nutritional status of IORs of the Fourteenth Army in relation to 
length of service. 


(g./100 c.c.) 
Serum protein 
(mg./hour fasting) 


(g./100 c.c.) 
Urine methyl-nicotina- 
mide (mg. [hour fasting) 


Length of service in 
(mg./hour fasting) 
(mg./hour fasting) 


forward area 
(g./hour fasting) 


Serum vitamin G 
(mg./100 c.c.) 
Urine riboflavin 


Number of men 
Haemoglobin 
Serum chloride 
(mEq/L.) 
Urine chloride 
Urine vitamin C 
Urine thiamin 
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Up to 6 months 171 
7 to 12 months 158 
13 to 24 months | 160 
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Hemoglobin Levels of the Indian Soldiers of Different Groups: An analysis 
of the biochemical nutritional status of the IORs in the Fourteenth 
Army by the Canadian Nutritional Research Team, according to different 
groups, showed that the strict vegetarian Jats had low hemoglobin levels 
when compared with the Madrasi Hindus and Mahrattas. The latter 
group also showed relatively high urinary riboflavin but low thiamin 
levels. The Indian Christians, majority of whom were from the provinces 
of Bihar and Madras, showed findings similar to those of the Madrasi 
Hindus and Mahrattas. Table XXI shows the differences in the 
nutritional status of the Indian soldiers according to the groups. 


The Sikhs, Punjabi Mussalmans and the Jats were atta-eaters, but 


among these the Jats were strict vegetarians. The G 
À urkhas ate both 
rice and atta, whereas the Mahrattas and Madrasis ate rice only. The 
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Biochemical nutritional status of IORs of the Fourteenth Army in relation to 
different groups. 
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Gurkha (Hindu) 14 > 5-3 [1040 | 0:7 2| 0 15 6 0-30 

Jat (Hindu) "| 18-7 | 5-9] 98-1) 0-3) 0-1 O-3 {11} 5 | 0:32 

unjabi 

, (Muslim) 14-5 | 5-8 |99:4| 0-3 | 0-1 | 0-4| 11] 5 | 0-33 

ahratta 


(Hindu) .. | 15°8) 5-5 107-0 
Madrasi 

(Hindu) .. | 15-8 | 5-6 [104:0! O 
Sikh .. .. | 14°4} 60/999] 0'5 
Mixed 


(Christian) .. | 15:5 | 5:7 |103-0 | 0-7 8] 14 0-56 





mixed (Christians) were mostly from Bihar and Madras and were rice- 
eaters. It should be noted that in preparing this table data from units 
in which environmental stress had been excessive were excluded in order 
to obtain as true a picture as possible of group and religious differences 
in food habits and biochemical nutritional status. 
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CHAPTER III 


Ration Scales 


SUPPLY ORGANISATION 


Before dealing with the ration scales and other connected matters, 
the organisation for the supply of the foodstuffs may be first consi- 
dered. The QMG in India was responsible for the provision and supply 
of rations. For this purpose he had under him the RIASC organisation 
controlled by the Director of Supplies and Transport. This organisa- 
tion had four main functions—provisioning; supply; inspection of 
foodstuffs; and training and catering. Provisioning was based on ration 
scales drawn up in consultation with the DMS in India who received 
expert advice from the DDH & P on these matters. Food was either 
purchased from the local markets or ordered centrally through the 
Food Department of the Government of India or the War Office, London. 
After the foodstuffs had been passed as fit for acceptance they were 
held in supply depots until issued to troops. Supply officers were 
responsible for maintaining the turnover of stocks in accordance with 
their liability to deteriorate due to storage. Inspection of foodstuffs was 
the function of Inspectorate of Foodstuffs. The Inspector of Foodstuffs 
(later Director, Food Inspection), who worked under the QMG, was a 
medical officer appointed by the DMS in India and had under him 
a number of deputy and assistant inspectors of foodstuffs (usually 
technically qualified RIASC officers), together with other subordinate 
personnel, Catering was controlled by the Assistant Director of Supplies 
(Training and Catering) at the GHQ, who had subordinate catering 
advisers.in armies and commands. The catering organisation looked 
after the British troops only up to 1944, but in 1945 its activities were 
extended to the Indian troops also. The DMS was responsible to the 
Commander-in-Chief for advice on the composition of ration scales and 
on other matters relating to rationing which were likely to have a bearing 
on the health of the troops. It should be noted that the role of medical 
services was purely advisory. The responsibility for acceptance or other- 
wise of medical advice lay with the unit or formation commander, while 
the supply and handling of the food were the functions of the RIASC. 


PRE-WAR INDIAN RATION SCALES 


Before World War I, the Indian troops in India received a cash’ 
allowance with which each man purchased his own food. It was obvious 
that no control could be exercised under this system over the nutritional 
state of troops. In most cases soldiers attempted to live as cheaply as 
possible and the result was either under-feeding or bad feeding. They 
could hardly be expected to possess the reserve of stamina to face the 
rigours of a hard campaign. Fresh foods such as meat vegetables and 
fruits were hardly available for the Indian troops a forward areas. 
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Experience of widespread scurvy in Mesopotamia in 1916 (when rations 
supplied in kind were inadequate) resulted in a belated appreciation of 
the importance of providing adequate nutrition to troops as opposed 
to merely satisfying their hunger. In that year events had taken a serious 
turn, and 11,455 cases of scurvy (out of whom 24 died) among the Indian 
troops, were admitted to the hospitals in Mesopotamia from 1 July to 
31 December. This led to the improvement of field service scale of 
rations. The ration scale in use by October 1916 was as shown in Table I. 


TABLE I 


Field service scale of rations—Indian troops—October 1916. 


—— re 





Articles | Scale 
Daily issue | | 
Atta or rice.. 24 ozs. 
Fresh meat.. G ozs. 
Dal .. T pa m ee | 4 ozs. 
Gur .. gi P k CES hen 2 ozs, 
Ghee.. 28 pi en ai E 2 ozs. 
Potatoes or fresh vegetables r Sie 6 ozs. 
Tea 55 2% En i 7 4 oz. 
Milk tinned ox _ io q 2 ozs. 
Condiments dá ee a pi 2 oz. 
Salt ou e me Pe P $ oz. 
Tamarind iw 1% mp ‘ie 2 ozs. 
Weekly tssue 
Tobacco .. e Eg ‘4 di 2 ozs, 
Matches. safety .. y ve mi 2 boxes 
Thrice weekly issue 
Fuel 3 $ > eS wi 2 Ibs. 
Lime juice .. A ci T T $ fluid oz. 


As a result of the introduction of the new scale of rations, the 
incidence of scurvy declined and in the year 1917 there were only 2,199 
cases with six deaths. In 1918, only 825 cases occurred with two deaths. 
These events convinced the authorities in India of the necessity of change 
in the rationing system. The new system thus introduced made the 
RIASC responsible for supplying certain non-perishable foods to the 
soldiers. These were supplemented by a cash allowance of ten annas 
per soldier per month for the purchase of vegetables, milk, fresh meat, 
etc. An important difference from the old cash system was that money 
was no longer payable to individual soldiers but was spent on a unit 
basis by the commanding officer. 

Peace Scale of Rations with Messing Allowance (Indian Troops): When 
World War II broke out, the peace-time scale of rations for Indian troops, 
the supply of which was arranged by the RIASC, was as shown in 

Appendix III, Table I. The nutritional value of this unsupplemented 
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ration was as follows:— 


Calories 3,389 . 
Proteins 85 g. 
Animal protein Nil 
Calcium 0:31 g. 
Vitamin A 1,025 I.U. 
Vitamin B 2:6 mg. 
Riboflavin 0:85 mg. 
Nicotinic acid 24°7 mg. 
Ascorbic acid 9:0 mg. 


Field Service Scale of Rations (Indian Troops): In addition to peace 
scale of rations for Indian troops, field service scale of rations for opera- 
tional purposes was also authorised. This scale for Indian troops 1s 
shown in Appendix III, Table II. 


Special Daily Scale of Rations (Indian Troops): The field service scale 
of rations and pre-war scale of rations with cash allowance worked 
satisfactorily during peace-time. After 1939, the market price of the 
foodstuffs began to rise. In the early part of 1942, the cash allowance for 
the Indian soldiers was raised to rupees two per month. Soon after 
this, Burma was overrun by the Japanese and the cost of living in India 
rose sharply. Concurrently local shortages of food began to be experi- 
enced owing to a variety of factors, notably the great increase in 
population in many cantonments, the cessation of rice imports from 
Burma, inflation resulting from the increase of government expenditure 
on defence services and general lack in the sense of social security. 
In September 1942, the cash allowance was, therefore, further raised to 
rupees three per month. 


In 1942, Lieutenant-Colonel C. M. Nicol, IMS (the then Assistant 
Director of Hygiene of the Northern Command in India) undertook to 
analyse the ration account books of a number of Indian units. His report 
indicated that the vitamin A and G content of Indian rations was far 
below the generally accepted estimates of the optimum requirements. 
The report was circulated among other commands in India. Thomson 
and William (1945) conducted a detailed survey of the rations of a Pioneer 
unit in Secunderabad in September 1942. They not only confirmed 
Nicol’s findings but showed that there was a deficiency of practically all 
nutrients and calories in the Indian scale ofrations. The very low intake 
of vitamin C was confirmed by ascorbic acid saturation tests. It should, 
however, be noted that no clinical evidence of scurvy could be detected 
at that stage. These facts demonstrated clearly that Indian troops at 
the base were existing on a very narrow margin of nutritional adequacy 
and the possibility of the appearance of the signs of active deficiency 
disease could not be ruled out. Accordingly, in January 1943, the DMS 
in India recommended that all Indian troops should be placed on the 
field service scale of rations. The British troops had already been placed 
on the field service scale of rations in October 1942'. Before the recom- 
mendation of the DMS could be accepted the RIASC had to be expanded, 
and investigations had to be made into the market conditions as to whether 


I See page 56. 
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5 not it was possible to implement the field service scale of rations in all 
e areas. 


In the meantime the cost of living was gradually rising. In some 
places, food was not available in sufficient quantities to admit of purchase 
from the cash allowance at any reasonable price. The very foodstuffs— 
meat, milk, green vegetables, fruits, etc.—which were ‘most needed, were 
in short supply. For a time, even the basic cereal ration was in danger 
of being reduced, owing to the pressing requirements of the civil popula- 
tion which were high-lighted by the Bengal Famine. The recommenda- 
tions of the DMS to place all Indian troops on the field service scale of 
rations was not accepted owing to financial considerations and supply 
difficulties, Further investigation into the nutritional aspect of the 
rations, however, led to the decision to abolish the messing allowance 
and introduce a special daily scale of rations for peace and non-operational 
areas. This special daily scale of rations (shown in Appendix III, 
Table III) came into force from July 1943. But before the special daily 
scale of rations for Indian troops was implemented, medical authorities 
had to emphasise the defects of the supply arrangements by pointing to 
the outbreak of riboflavin deficiency among the Indian troops in the 
north-west frontier of India’. 


2 Thomson and Freedman (1947) have given an account of an epidemic of riboflavin 
deficiency occurring among the Indian troops in Kohat. The facts as described by them were 
as follows: Early in the spring of 1943, in a small isolated station cn the north-west frontier 
of India, some men of an Indian infantry unit reported sick, complaining of sore throat, hoarse- 
ness and dysphagia. A few cases had aphonia. Routine clinical investigations did not reveal 
any obvious cause for these symptoms but the presence of characteristic glossitis with angular 
stomatitis suggested a vitamin Bz complex deficiency. Out of 509 men of the unit examined, 
104 showed well developed mouth or throat lesions. Enquiries as to the general physical 
efficiency of the men in the unit indicated that, though they were considered to be 
reasonably fit for war, a kind of staleness had been apparent for several weeks, manifesting 
itself as absence of high spirits and impaired capacity for sustained work. Though the men 
could still march long distances, yet they could not undertake much physical labour at the end of 
the march, as is normally expected in a really fit unit. Sixty men, divided into three groups 
of 20 each, were chosen at random from among the 104 cases (already seen) for trial with yeast 
autolysate (vegemite) and nicotinic acid. Each man of the first group was given 500 mg. of 
nicotinic acid by mouth daily for 14 days. In the second group, each man received 1 oz. of 
yeast extract daily. No treatment was given to the third group. The first group showed no 
improvement and in five cases the glossitis became worse; in the second group all men were 
either cured or much improved; and in the third group there was increased severity of lesions in 
four cases, and in the others no change. On the completion of this trial, the whole unit was 
given 16 fluid ozs. of milk per man per day, in addition to the usual rations. All the men 
also received 4 oz. of yeast extract daily for a week, followed by 4 oz. thrice weekly for three 
weeks. No fresh cases appeared during the month, and out of the original 104 cases there 
were only eight cases who showed definite lesions. ‘The commanding officer of the unit noticed 
a new spirit of liveliness and energy among his men. The extra milk and yeast extract were 
then stopped, and after having been on ordinary rations for three weeks, 63 of the cured cases 
relapsed and 17 new cases appeared. The following facts were further obtained regarding 
the previous history of this unit: It had arrived in British India from an Indian State in 1940; 
since then it had served in the various stations in the north-west frontier region. The daily 
routine of the unit had been strenuous. In the autumn of 1942, the whole unit was subjected 
to blanket treatment by quinine in view of the high incidence of malaria. Since then the unit 
had picked up in health and the physical impairment noticed was attributed by unit officers 
as being due to the after-effects of malaria and staleness resulting from strenuous training. But 
this unit had neither suffered from malaria in an exceptional manner nor had its training 
programme been particularly strenuous. The rations in use were not significantly different 
from those of the other units. None from other units had reported sick with similar symptoms, 
Examination, however, of the troops in the station revealed 312 cases of well-marked glossitis, 
and the condition was found evenly distributed among all the groups in the station which 
included Jats, Kashmiris, Nepalese, Madrasis and men from frontier tribes. Evidently a defect 
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PRE-WAR BRITISH RATION SCALES 


he commencement of World War II, army ration scales in 
India o consisted of indigenous articles which were supplemented 
by a messing allowance. This allowance was meant for the purchase of 
milk, fruits, condiments, etc. By 1941, the messing allowance was 
raised to six annas per day per man. The pre-war scale of rations 
for British troops is given in Appendix III, Table IV. | Units used the 
produce of local markets and the consumption of such articles as imported 
bacon, tinned sausage and fish had completely stopped. After the fall 
of Singapore, the peace system of local purchase by units of certain items 
of the ration with cash allowance was considered undesirable for various 
reasons and all British troops in India, whether on field service or other- 
wise, were placed on the field service scale of rations from 16 October 
1942. 

Field Service Scale of Rations ( British Troops) : The field service scale 
of rations for British troops (shown in Appendix 111, Table V) was in 
use up to July 1944. The feeding of British troops during 1943 was, 
on the whole, reasonably satisfactory. The chief grounds for complaint 
arose not so much from the inadequate nutritive value of the rations 
themselves as from the monotony and low standard of catering. The 
latter was part of the problem common to nearly every phase of military 
activity during this period—shortage of shipping space and hence of 
imported supplies; inadequate transportation; limited indigenous 
resources; and comparative lack of technically qualified manpower. 
Complaints were frequent, but remarkably little sickness among British 
troops could be justifiably attributed to poor feeding. The defects of 
supply and messing were fully examined and many new measures and 
reforms started in a small way during 1943. Of these, perhaps the most 
important was a scheme for growing vegetables and rearing live-stock 
under army auspices. Both the peace and field service scales permitted 
a number of alternatives or substitutes which were compiled into an 
independent table. The system of issuing substitutes was liable to be 
misused at times, hence the old field service scale of rations together with 


Footnote 2 (Contd.) 


in the ration was responsible for this situation. One hundred men were selected from two 
units for study by therapeutic trials on the basis of having well-developed glossitis. Out of 
these 100 men, 99 (one man sent on furlough) were kept on a diet identical with that issued 
to their units during the previous month, and were divided into eight groups. The first group 
(six men) was given 3 mg. of riboflavin daily by intramuscular route for 7 to 14 days; the second 
group (eight men) was given 5 mg. of riboflavin daily by mouth for 10 to 14 days; the third 
group (nine men) was given | oz. of yeast autolysate daily for 11 to 22 days; the fourth group 
(ten men) had 1 oz. of brewer's yeast daily for 10 to 22 days; the fifth group (ten men) received 
intramuscular injections of 1 c.c. crude liver extract on alternate days for 18 days; the sixth 
group (five men) was given 250 mg. to 500 mg. of nicotinic acid by mouth for 14 days; the 
seventh group (ten men) received 15 minims of halibut liver oil and 100 mg. of ascorbic acid 
for 15 days; and the eighth group (41 men) was maintained on the controlled diet without 
any special treatment. In the first and second groups, receiving riboflavin, tongue healed 
up rapidly and there was much improvement in the condition of throat and angular stomatitis. 
In the third and fourth groups, receiving yeast, over 90 per cent. of the cases cleared up. There 
was a remarkable improvement in the mental condition of all these men. In the remaining 
groups the lesions were either unaffected or became worse. The investigations showed that 
there was an epidemic of riboflavin deficiency among the Indian troops which responded to 
treatment with synthetic riboflavin or yeast. 
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the table of substitutes was abolished in 1944, and a basic scale of rations 
incorporating the substitutes was adopted in the India Command. 


BASIG SCALE OF RATIONS FOR INDIAN AND BRITISH TROOPS 


As military farms developed and imported food became less scarce, 
scales were implemented fully and without any undue difficulty, though 
in the case of Indian troops crises arose periodically. The main difficulty, 
which affected Indian and British troops equally, however, arose from 
the use of substitutes for standard items in the scales. The provision 
situation, both in respect of the imported and indigenous food, was liable 
to fluctuations which could not be accurately foreseen. The size and 
climatic extremes of India brought endless difficulties of distribution in 
their train. A very wide list of permissible substitutes for the main 
ration scales had been published as an independent table in the regula- 
tions’, but this only worked well when used with considerable care. 
The main difficulty was that there was no control over the employment 
of the substitutes authorised. Nutritional control was also inadequate, 


since, for example, jam and dried fruit appeared unsuitable as substitute 
for fresh fruit. ` 


The results of these defects were: the complaints by the troops 
about lack of variety, the worry by the supply services that food reserves 
were apt to melt away in a haphazard fashion and the anxiety by the 
nutrition organisation that troops might be (and occasionally were) 
issued with some combination of substitutes which failed to provide a 
sufficiency of essential nutrients. The problem was, therefore, examined 
at length, and eventually in August 1944 basic scales of rations (shown in 
Appendix III, Tables VI and VII) for Indian and British troops in the 
India Command were introduced. Substitutes for standard items were 
divided into two categories: (i) those for which central control over 
provisioning and supply was necessary or desirable, and (ii) those for 
which no central responsibility was assumed, their supply being a matter 
for local authorities. Control over variety was maintained and nutri- 
tional requirements safeguarded by specifying the maximum number of 
days in each month on which any given substitute could be issued. 
Each standard item, together with its substitutes, was considered to be 
a self-contained entity, and to replace one substitute by another from a 
different group was not permissıble. The order for adoption of this 
system of basic scales of rations for Indian and British troops was 
promulgated in all non-operational areas. A number of nutritional 
improvements were thus introduced, but the main advantage accrued 
from the fact that nutritional and catering requirements were adequately 
safeguarded. The issue of articles in short supply could be easily control- 
led, and the maximum use of local resources in any area was encouraged. 


The introduction of basic scales of rations coincided with the 
increased imports of tinned foods from abroad. 


The principal disadvantage of the basic scale of rations for Indian 
troops was the smallness of the meat ration. The medical authorities 


3 Table ‘H’, SRS, 1943. 
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advocated 6 ozs. of mutton with bone as the minimum desirable daily 
ration. This recommendation was accepted by the QMG but was 
found impossible to implement, and in lieu of 4 ozs. out of the 6 ozs. of 
meat, tinned fish and skimmed milk powder had to be issued. Unfor- 
tunately, not even the 2 ozs. of fresh mutton could be supplied in full 
each day. The low vitamin A content of the Indian diet also caused 
anxiety at this time. The shortage of milk ghee and its partial substitu- 
tion by the vegetable product (which unlike milk ghee contains no vitamin 
A) allowed only a small margin of safety over the accepted minimum 
daily requirement of this vitamin. Efforts to have vegetable ghee 
fortified with carotene were unsuccessful, because the resulting yellow 
colouration of this ghee made it unpopular and there was shortage in 
India of potent carotene preparations; its fortification with shark-oil was 
not possible owing to the vegetarian prejudices and the fish oil imparting 
an unpleasant taste to ghee. 

A disadvantage of the basic scale of rations for British troops 
was its low thiamin content as a result principally of the use of highly 
milled flour* (20-25 per cent. extraction) in India. To compensate 
for this 25 per cent. atta was mixed with flour while making bread. As 
a result of affa in the dough and because of the poor baking facilities in 
India, the bread produced was often inferior in quality and unpopular 
with the troops. To obviate the need for atia in the bread, efforts were 
made to have flour of high thiamin content imported from abroad or 
as an alternative to have Indian flour fortified artificially with vitamin 
B complex, but this could not be achieved in 1944, In actual fact, how- 
ever, no cases of primary thiamin deficiency were reported among the 
British troops in India. 


During 1944, military prison dietaries were also reviewed. Whereas 
Indian troopsin small military prisons and detention barracks received the 
ordinary scale of rations, British troops under similar conditions received 
a special scale much inferior to the basic scale of rations, which con- 
tained a very small margin of safety for certain essential nutrients. Steps 
were taken to have the basic scale of rations authorised for them. 


ISSUE OF EXTRA RATIONS UNDER SPECIAL CONDITIONS 


In addition to the various ration scales that came into use, 
regulations were introduced from time to time to meet the special re- 
quirements of particularly hard work to which troops in certain areas 
were subjected or in respect of certain groups of men whose nutritional 
requirements demanded special consideration. On the recommenda- 
tion of local medical authorities the issue of extra ration to Indian and 
British troops and to any others entitled to free rations could be sanctioned 
when climatic conditions were especially severe and unusually hard 
work was being performed. The General Officer Commanding or an 
Independent District Commander could sanction these extra rations 
up to a period not exceeding 90 days, district commander up to 60 days 
and brigade or area commander up to 30 days in any financial year. 


4 This refers to maida which is used for preparing loaf bread. Atta is used for making 


chapatties. 
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Issues for periods in excess of 90 days required the sanction of the 
Government of India. In addition, a daily issue of Hoz. of tea and 1 oz. 
of sugar could be made to troops undergoing climatic or physical strain 
when recommended by the local medical authorities subject toa maximum 
of three days at a time and nine days in any one month. Troops could 
also be issued with rum to meet special fatigue or weather conditions. 
when sanctioned by the local military commander who was responsible 
for laying down the scale of issue. The necessary authority for these 
extra Jssues was contained in the Regulations for the Army in India, Rule 489. 


_ In the case of an Indian recruit the commander of a training 
unit was authorised to sanction 1 lb. (16 fluid ozs.) of milk per day on 
the advice of a medical authority3. The issue of free milk could be 
extended to the full period of training or up to eight months from the 
date of enrolment, whichever was longer. There was no restriction on 
the number of recruits in a unit who could be recommended extra milk. 
Owing to the general shortage of milk throughout the country this order 
benefited recruits to a limited extent only, especially as medical officers 
were unduly cautious in exercising their power to make recommendations. 
The expansion of military dairy farms which had been set up in peace to 
provide pure milk for cantonments took some time. In actual fact their 
expansion could not hope to keep pace with the demand, hence it was 
agreed that the military farm depots could collect milk from local agri- 
culturists on the condition that it was boiled before use. 


In the case of persons handling poisonous materials, such as 
those engaged in lead painting or handling lead paints or those engaged 
in the manufacture or filling of explosives of a poisonous nature, the free 
issue of half a pint of milk daily was authorised on the recommendation 
of medical authority. 


Wherever free rations were issued, officers of Indian nationality 
could elect to draw either Indian or British rations. Half an ounce of 
additional salt could be issued on medical grounds to counteract the 
effects of heat in the case of all troops. 


Another measure of some value was an increase in the rations 
authorised where the number of troops messing together was small. 
When a unit was split up and the unit rations had to be subdivided, there 
was a certain amount of inevitable waste which meant that each small 
party got less than its full entitlement. This was compensated by 
authorising a 20 per cent. increase in tinned products, fresh fish, vegetables, 
meat and fruits if the number messing together was ten or under, and 
10 per cent. increase for the messes having between 11 and 20 members. 


CONVALESCENT SCALES OF RATIONS 


In the early part of 1944, the food position looked a bit easier, 
and convalescent scales of rations (shown in Appendix ITI, Tables 
VIII and IX) were authorised for the Indian and British troops, 
needing physical rehabilitation. These were made applicable to all 
convalescent depots and could be authorised for any individual unit or 


5 Army Instruction (India) No, 216 of 1941. 
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formation on the recommendation of the DDMS. It will thus be seen 
that the nutritional treatment of unfit men had become a matter of 
routine. 
During 1944, a large number of nutritional problems arose when 
troops returned from the battle fronts in Burma. In the same year, 
there was also recognition of the principle that if it was logical to re- 
plenish the depleted reserves of men after operations involving some degree 
of malnutrition, it was equally reasonable to ensure that their reserves 
were as full as possible before such operations commenced.. The 
convalescent training scales of rations (shown in Appendix IMI, Tables 
X and XI) were, therefore, authorised for formations, undergoing severe 
training for important jungle operations such as were undertaken in the 


Second Wingate Expedition. 
RATIONS ON THE BURMA FRONT 


The greatest difficulty was experienced in the matter of rations in 
Central Burma. The picture on the Arakan front was, however, more 
favourable as supplies could be taken by sea to within a short distance 
from the forward troops. In the summer of 1942, troops were rushed 
up through Manipur State as a defensive screen against a possible Japanese 
invasion through the mountains west of the river Chindwin. Thousands 
of evacuees were trekking at that time from Burma through the jungles 
and over the mountains towards India. The monsoon was in full swing 
and malaria and dysentery took a heavy toll. Except for negligible 
local sources, all food had to be brought up from the main base at 
Calcutta. A double track broad gauge railway ran north to Parbatipur 
in Northern Bengal where supplies had to be transhipped to the metre 
gauge railway line running to Amingaon, some 220 miles away on the 
right bank of the river Brahmaputra. Loaded wagons were then taken 
across the river on rail ferries to Pandu near Gauhati. From Pandu, 
160 miles of single metre gauge line ran to Manipur Road (Dimapur), 
the railhead for the Burma front. Beyond this point supplies had to be 
taken by road 130 miles to Imphal over a 6,000-foot pass near Kohima 
and thence 60 miles to Tamu, in the Kabaw Valley, or 160 miles to 
Tiddim over precipitous jungle clad mountains. Early in 1943, the 
road to Imphal was being hurriedly converted to take two-way heavy 
traffic, and only a few sections were metalled. Beyond Imphal new roads 
were being constructed from what had been previously, for the most part, 
merely tracks. The communication system was grossly overloaded by 
competing traffic of all kinds and even, at best, food arrived slowly and 
after much handling en route. 


Lack of fresh vegetables and fruits in forward areas during the 
autumn of 1942 led to the fear of an outbreak of scurvy, and amla 
tablets (an indigenous vitamin C concentrate prepared from Indian 
gooseberry, phyllanthus emblica) and ascorbic acid tablets were distributed 
as widely as limited stocks permitted. No comprehensive survey of 
nutritional situation was, however, possible until early in 1943. In theory 
the troops were receiving the standard field service rations which apart 
from minor defects, could be deemed as adequate, though at a minimum 
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level considering the risk of infectious diseases in this theatre. The 
difficulty lay not so much in the authorised ration scales as in their actual 
issue. There was a serious lack of fresh vegetables and other perishable 
foods, and apart from bully beef and a limited stock of tinned milk, few 
canned substitutes were available in India. During the rains of 1942, 
the troops had sometimes been obliged to subsist on officially reduced 
rations. When the monsoon lifted and transport became easier, 
adequate supplies of dry (non-perishable) rations were provided, and in 
the spring of 1943 there was no appreciable calorie shortage. Safeguards 
against future shortage during the 1943 monsoon were provided by giving 
a high priority to the transport of food and the building up of reserve’ 
stocks. ‘The supply of perishable items in the ration scale was, by com- 
parison, a matter of great difficulty. The whole of the Nagpur orange 
crop had been despatched up in the line but a very high proportion rotted 
before reaching the railhead, a situation typical of the many despatches 
of fruits and vegetables from India to this theatre. Goats—the sole meat 
supply for Indian troops—belied their reputation for hardihood by dying 
in droves when transported and the forward troops rarely saw any but a 
few emaciated survivors. It is needless to stress here that distance and 
time were the most important factors baffling the most willing supply 
services. With the Bengal Famine brewing up on the L of C the wastage 
involved was intolerable. The only alternatives, which could meet the 
requirements of the situation, were likely to involve considerable delay 
before any tangible results could be visible. They were, however, 
pursued with the utmost energy. Production of vegetables by resting 
units and agriculturists in the forward area was encouraged. Representa- 
tions were made stressing the need for large shipments to India of canned 
foods. Dehydration factories and military farms were set up in India. 
The factories produced limited quantities of processed foods with 
primitive plants, initially supervised and managed by contractors 
with little knowledge of food technology and less of the necessity for a high 
standard of hygiene. The growing activities of the military farms began 
to release a good deal of imported food for transport to forward areas. 
A scheme to provide frozen meat for British troops was initiated and 
the possibilities of obtaining imported meat acceptable to Indian troops 
were explored. Air transport—the ultimate solution of supply difficulties 
in this theatre—was pressed for. A fairly large supply of multivitamin 
tablets was obtained against emergencies pending the arrival of 
stocks of compound vitamin tablets from the War Office. An attempt 
was made to start the large-scale manufacture of autolysed yeast in India. 


It took time for all these measures to produce results and perhaps 
the only immediate change of any significance was the policy to give 
forward troops everything available, in preference to those on the L of 
C. It is gratifying to record that, early in 1944, the men in the Kabaw 
Valley were, if anything, better fed than those in Imphal. But otherwise 
an atmosphere of bafflement tended to prevail, which was not effectively 
dispelled until March 1944. When the Japanese attack developed in 
this sector it became evident that the effort of the past year had borne 
fruit. Air transport of food became a matter of routine and ample tinned 
supplies were coming into India. Though Indian troops were short of 


meat, it was demonstrated that battle could be won and the enemy 
pursued in this wild country. The Japanese were also facing a nutri- 
tional problem, and, judging by the condition of prisoners, had failed to 
solve it. At the time the scales of rations in force in this area were no 
longer the old field service rations but the greatly improved scales 


introduced by the SEAC. 


GENERAL PRINCIPLES UNDERLYING OPERATIONAL FEEDING 


A different kind of problem arose out of the need to meet the 
nutritional requirements of troops engaged in jungle patrolling. Forward 
battalions had patrols out for ten days at a time during which the men 
ate only what they could carry on their persons supplemented by what- 
ever they could obtain locally. Special ration packs were, therefore, 
devised for operations when transport facilities were scarce and normal 
cooking and catering arrangements unavailable. Tactical considerations 
placed a limit on weight and bulk and often compromise had to be made 
between what was practicable and what was nutritionally desirable. It 
was also impressed upon all concerned that special ration packs were 
not the normal method of feeding troops and that there was a varying 
degree of risk in their use which had to be kept down to the minimum. 
The design of the special pack was influenced by the following considera- 
tions: The first was that of concentration. In addition to the packing of 
foods into the smallest possible space, the highest possible calorie value 
had to be put into a given weight. Calorie value can ordinarily be in- 
creased for a given weight of food by utilising articles with high fuel value 
such as fat, and excluding low caloric foodstuffs; but there is a limit be- 
yond which this cannot be done without sacrificing palatability and 
digestibility. In actual practice, it was found extremely difficult to con- 
centrate food beyond 100 calories per ounce of weight including 
packing material without serious loss of palatability. A 4,000-calorie 
ration could not be produced with a weight less than 40 ozs. 
approximately and the tabloid ration was an impossible proposition. 
The second consideration in a pack ration was to provide nutri- 
tional requirements in full, if the concentrated ration was to be consumed 
for more than a few days. Since the predominant factor in such ration 
was concentration, the choice was necessarily limited to high caloric foods. 
Vitamin enriched processed foods were considered eminently suitable, 
but if the essential vitamins could not be provided in such foods, the use of 
vitamin concentrates became inevitable. In the absence of a skilled 
food industry in the country, these objects were difficult to achieve and 
it was also realised that a chemically perfect ration was useless if it was 
noteaten. The question of palatability could not, therefore, be ignored 
but, unfortunately, it was impossible to attain variety and attractiveness 
beyond a certain point without adding weight. The pack ration, if 
to be of any use, must remain fit for consumption and retain its nutritive 
value under normal fighting conditions. Certain foods were found un- 
suitable; for example, chocolate melted easily, nuts or dried fruits became 
readily contaminated with weevils and fatty foods tended to become 
rancid. The keeping quality of concentrated ration depended largely 
upon devising a pack which could stand not only rough handling but 
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damp and heat, likely to be encountered in the South-East Asia theatre. 
Its handling often included such methods as dropping from air or burial 
underground and the temperature inside a pack often reached 130°F. 
or more when exposed to sun. The necessity of the pack, being com- 
pletely water-proof, was only too obvious during the monsoon. But 
there was an acute shortage of certain essential materials for packing in 
India during the war, and this imposed limitations on the manufacture 
of an ideal pack. Tin-plate and other packing materials of the right 
type were also not easily available, and this difficulty greatly handicapped 
the production of processed foodstuffs. 


Special ration packs were devised for use on occasions when the 
normal field service scales of rations could not be used. Four main types 
of special ration packs were used. 


Emergency Ration Pack: The first was the emergency ration pack 
intended to be used in an emergency only and carried by the soldier 
on his person. It usually provided 1,000 to 1,400 calories without 
special regard to the nutritive value as a whole. It was the lightest and 
smallest possible ration which could keep a man going for 24 hours, if 
he was cut off from all supplies, and was intended solely as a safeguard 
against such an emergency. It could not be consumed without the 
express order of an officer except when an individual was cut off from 
his unit. He then had to decide for himself as to when to open and 
consume the ration. The Australian emergency ration (new type) is 
an example of such ration used by the Indian and British troops. Its 
contents are shown in Appendix III, Table XII. 


Twenty-four-Hour Ration: The second type of special ration was the 
24-hour ration, which was carried by the soldier on his person. It was 
small and light and was designed as an assault ration intended to support 
a man only for the initial phase of an operation until more suitable rations 
could be provided. The Indian pack, suitable for Indian or British 
troops, consisted of a cardboard carton in a waxed paper wrapping. 
This ration provided approximately 2,700 calories. In view of its low 
calorie valuc, this ration was not to be employed for more than 48 hours 
unless in extreme emergency. Its contents are given in Appendix III, 
Table XIII. 


Light Rations: The third category consisted of light rations, which 
were meant to be used for not more than six to ten days without a reason- 
able interval (about three weeks) on ordinary rations. They were suitable 
for jungle patrolling and parachute troops. The calorie value ranged 
from 2,500 to 4,300. Lightness and compactness were important consi- 
derations in design, and difficulties often arose in providing nutritive 
value (including calorie) adequate to maintain fighting fitness for long 
periods. Weights varied from 32 ozs. to 50 ozs. per ration. Such 
rations were used over a period of three to four months by the Long 
Range Penetration Groups. The troops, however, received additional 
supplies of food at suitable intervals or lived off the country to some 
extent. The additional supplies consisted of 14 ozs. bread, 74 ozs. fruit 
tinned (pineapple if possible), 2 ozs. vitaminised margarine, 2 ozs. rum 
and one fresh onion issued every fifth day. 
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No operational ration packs were available in India before 1942. 
An Indian manufactured pack, known as the light ration pack, was 
devised in July 1942 for the use of parachute troops under training and 
for those engaged in jungle warfare. It consisted of service biscuits, 
tinned cheese, nuts, raisins, tea and sugar, and was wrapped in brown 
bituminised paper. It was, however, not popular as the biscuits often 
became rancid; flourishing colonies of weevils were often found amongst 
the nuts and raisins; the cheese manufactured in India lacked palatability 
and keeping qualities; and the bituminised paper, more often than not, 
lent unpleasant flavour to the contents inside the wrapper. ‘The contents 
of the light scale ration pack are shown in Appendix III, Table XIV. 
The gross weight was 2 lbs. The ration was supplied either in the 
original pack or a two-day ration pack. It was devised for issue to 
Indian and British troops (including paratroops) when considered neces- 
sary for operational purposes subject to the issue being limited to periods 
not exceeding six consecutive days. This ration was much reviled and 
was undoubtedly inadequate for jungle warfare. It can, however, be 
said for it, that it supported the men of the 77th Indian Infantry Brigade 
(First Wingate Expedition) and troops engaged on many routine 
patrols, albeit at a cost, in spite of its manifold faults. The need, how- 
ever, for finding something better still remained. Until a variety of 
imported packs was received—and few survived the welcome at first 
given to them—India had todepend upon what she could produce herself. 


Various modifications to the light scale ration were made, and 
though improvement could be claimed no real solution was found due 
to the absence of a skilled food industry and availability in the barest 
amount of the essential packing materials. In 1943, another light ration 
pack was devised in India for issue to the Indian and British troops. 
Its contents are given in Appendix III, Table XV. This too was not 
completely satisfactory. Gradually the Indian packs were replaced by 
various imported ones. Although some of these were very good indeed, 
it was doubtful whether a solution had been found to the problem of 
long distance jungle patrolling from a static base. When cut off from 
normal supplies for long periods, men required a carefully worked out 
variety of light ration pack, which could be delivered by air at such 
intervals as the tactical situation permitted. Without variety there was 
failure of appetite. The problem had, however, to be shelved for some 
time. One of the light ration packs, imported from the United Kingdom, 
was the jungle ration Mark I. Its contents are given in Appendix III, 
Table XVI. 


_ Later on when whole divisions began to move through the jungles, 
suitable supply arrangements were made, and it was no longer neces- 
sary to plan for whole detachments being isolated except for compara- 
tively short periods. It may be noted that the Japanese attempted to move 
formations without highly organised supply arrangements, but that suc- 
ceeded only so long as they were permitted to capture Allied food dumps, 
The legend that the Japanese soldier could live or exist almost indefinitely 
on a handful of rice died hard, but subsequent events completely dis- 
pelled such an assumption. 
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_ Composite Ration Pack: The fourth type of ration was the composite 
ration pack, which consisted of a certain number of rations in a suitable 
container. In India, eight rations were provided in a container such as 
a four-gallon tin. They were not intended to be carried on the soldiers 
person but were for that phase of the operation which intervened between 
the capture of a bridgehead and the laying down of normal supplies and 
cooking facilities or for special operations when ordinary ration could not 
be supplied. They were ideal as siege rations, for example, in a strong 
point off the L of C which had to be self-supporting for a time. A variety 
of composite packs manufactured in different countries were used. The 
contents of the composite ration packs for the Indian and British troops 
(for eight men) are given in Appendix III, Tables XVII and XVIH. 


“E” Ration: The whole position with regard to these special ration 
packs kept on changing during the war. In addition to those already 
mentioned, the contents of two special ration packs used may be 
described. The first was the ‘K’ ration, which was prepared in the 
USA, and was suitable for British troops only. Its contents are shown in 
Appendix III, Table XIX. A supplement to *K” ration, which was 
issued every fifth day, is shown in Appendix III, Table XX. 


The biggest disadvantage of ‘ K?’ ration was its powerful flavour. 
At first, it was popular with the troops, but later on they developed 
such an aversion for it that they almost refused to eat it. Its calorie 
value was low (3,400 calories) and so was its thiamin content. The 
loss of appetite, which developed a few days after the consumption of 
this ration, was considered by some to be the hidden hunger of thiamin 
deficiency. The 3rd Indian Division (Special Force), which subsisted 
on this ration, returned to India in a very poor state, with men suffering 
from aversion to food and oedema of the legs. 


Pacific 24-Hour Ration: In view of the defects pointed out, a new, 
more balanced and appetising pack ration was needed. This was 
achieved with the development of pacific 24-hour ration for Indian and 
British troops. The ration was made up of three hermetically sealed 
flat tins containing breakfast, lunch and dinner. Its composition is given 
in Appendix III, Tables XXI and XXII. 


Analyses of the Values of Ration Scales: The analyses of the values of 
the ration scales (cooked and uncooked rations), which were in common 
use for Indian and British troops, are shown in Tables II and III. 


HOSPITAL DIETS 


The hospital dietary was a special category. Since this was 
primarily a matter of treatment and not of prevention of disease, con- 
sulting physicians (or under them medical specialists) advised regarding 
hospital rations and supplies. The administrative and executive res- 
ponsibility, however, lay with the RIASC. The issues were only in 
accordance with duly sanctioned scales and extras, and it was not open 
to the medical services to demand anything for the patients which was 
not thus authorised. The scales (including extras) were, however, 
sufficiently comprehensive and elastic to permit satisfactory treatment 
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TABLE II 


Average analysis of the values of ration scales (cooked food as provided per man 
per day), operative before the introduction of basic scales of rations—Indian 
and British troops. 
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(a) Original peace scales were supplemented by a cash allowance. 


of patients in the military hospitals. In the Indian military hospitals, 
there were three types of diets, viz., ordinary diet, milk diet and convales- 
cent diet, contents of which are shown in Appendix ITI, Table XXIII. 
Patients placed on no diets subsisted on extras, details of which are 
given in Appendix III, Table XXIV. Scale of kitchen sundries is 
given in Appendix ITI, Table XXV, 


l In the British military hospitals, the following types of diets were 
in force: (i) ordinary, (ii) chicken, (ii) convalescent, (iv) beef tea, and 
(v) milk. Details of these diets are given in Appendix III, Table XXVI. 
In cases where it was not possible to place a patient on any one of these 
diets, the words ‘no diet’ were entered on the diet sheets, and the 
patients subsisted on extras. The main difference in the Indian and 
British scales of diets for patients in the military hospitals arose from the 
different dietary habits peculiar to them. 


Issues of extras to the Indian and British troops on ordinary diet 
were limited, so patients requiring special feeding were placed on diets 
other than the ordinary diet. If any authorised extras or items of diet 
were not in stock or were in short supply, approved substitutes (shown in 
Appendix 111, Table XX VII) could be issued in lieu. This system 
continued up to the end of November 1945, but during the interval signs 
of its failure began to be evident. It worked well when the medical 
officers had not many patients to treat, but when hospitals began to be 
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TABLE III 


Average analysis of the values of ration scales (uncooked food as provided per 
man per day)—Indian and British troops—October 1944. 
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full in 1942 and subsequent years, it was found that medical officers 
had no time left for thinking out and devising diets according to the 
patients’ requirements. New and complete scales of diet which did not 
require the addition of any extras were, therefore, introduced with effect 
from 1 December 1945 for the various types of diseases commonly met 
with in the military hospitals. A scale of extras for Indian and British 
troops was provided to meet the needs of special cases whose illness 
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required special dieting. The following types of diets (shown in Appen- 
dix III, Tables XXVIII and XXIX) were in force in the Indian and 
British military hospitals: (i) fluid, (ii) intermediate, (111) light, (iv) low 
residue, (v) high protein, (vi) low fat, (vii) ordinary, and (vii) subsistence, 
Extras were not permissible with ordinary diets. 


RATION POSITION DURING THE LATER YEARS OF WAR 


The general improvement in the ration scales for Indian troops 
instituted during 1944 was maintained during 1945. Towards the end 
of this year, however, the world food situation had deteriorated to such 
an extent that it was found necessary to impose certain reductions in 
the ration scales to lessen the demands of the army for food supplies not 
only in India but abroad also. The ration scales introduced for the Indian 
and British troops in 1944 were on the whole satisfactory, and, although not 
perhaps conforming to the optimum standards, provided some margin of 
safety over minimal requirements of all essential constituents. In the 
British scales the vitamin B (thiamin) content was undoubtedly low due 
to the use of white flour and the frequent issue of tinned foodstuffs, 
As already stated flour milled in India had a very low extraction rate, 
and this could not be improved without the importation of new milling 
machinery nor could the fortification of flour be undertaken as the neces- 
sary synthetic vitamins were not available. 


The main disadvantages of the Indian troops ration, as already 
pointed out, were the low content of animal protein and insufficiency of 
vitamin A. Owing to the shortage of goats, it was never found possible 
to issue more than 2 ozs. of meat with bone out of the 6 ozs. authorised, 
and at times even this meagre amount was unobtainable. To augment : 
animal proteins, as has been mentioned earlier, tinned fish and skimmed 
milk powder were added to the ration scales in 1944 and 1945. Tinned 
fish, which was for the most part herrings or sardines, was never popular 
with the Indian troops, and it is doubtful if the animal protein content 
of the ration ever exceeded 25 g. The vitamin A content of the ration 
was 2,100 I.U. which was just a little above the minimum requirement. 
One important source of this vitamin was milk ghee which was unfortunately 
in such short supply that it could only be issued on three days a week; 
on other days it was replaced by vegetable ghee which contained no 
vitamin A. Moreover, as vitamin A was to a large extent destroyed at 
frying temperatures the use of milk ghee as a frying medium further 
reduced its value in the ration. To overcome this, every effort was made 
to encourage the Indian soldier to use the vegetable ghee as a cooking 
medium and to reserve his small milk ghee ration for use uncooked as a 
spread on chapatties. At the end of 1945, it was found possible to in- 
crease the issue of fresh vegetables by 1 oz. daily which improved to a 
little extent the vitamin A content of the ration. 


_, To increase the calcium content of the ration it was decided to 
fortify all atta with calcium carbonate. This was carried out at the 
mills and no difficulty was experienced. Investigations by the anemia 
research team had proved that an iron deficiency was not uncommon 
among the Indian troops in spite of the fact that the ration had the very 
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high iron content of 48 mg. It was suggested by some that all the iron 
and calcium consumed might not be available because of the high 
phytic acid content of under-milled cereals, particularly atta. The 
addition of calcium carbonate, therefore, had the advantage of neutra- 
lising this acid. 

At the end of the hostilities in 1945, the army found itself in 
possession of large quantities of tinned food which had to be used up. 
Some of 1t was not very palatable to the troops and consequently 
complaints were often received. In particular, tinned herrings and 
sardines were unpopular, and in order to meet the numerous complaints, 
Instructions were issued to the effect that when tinned fish was issued as 
a weekly issue, 75 per cent. of it would be tinned salmon, which was 
more favourably received than other varieties. 


One of the effects of the end of the war in 1945 was that the 
enormous quantities of special pack rations, no longer required for. 
operational areas, became surplus to requirement, and, to avoid waste, 
were issued in lieu of normal ration scale to both Indian and British 
troops. Many of these pack rations, such as the American * K’ ration, 
were unpopular although supplements in the way of fresh articles were 
issued in addition. It was finally decided that this issue should be limited 
to one day a week only. 


In November 1945, owing to the world food situation, emergency 
cuts in all ration scales were introduced. The reductions made in the 
" basic scales of rations for Indian and British troops are shown in Appendix 
ILI, Tables XXX and XXXI. The items chiefly affected were cereals, 
fats and sugar; one result of these reductions was that the gross calorie 
value of Indian and British rations was reduced from approximately 
4,200 to 3,650, but for men on strenuous work supplements (shown 
in Appendix IH, Tables XXXII and XXXIII) of approximately 400 
calories were allowed. The ration for the women services was reduced 
from 3,650 to 3,150 calories. ‘The scales of rations for women services 
and the reductions subsequently made are given in Appendix ITI, Tables 
XXXIV to XXXVII. In December, as a result of constant complaints 
from the Indian troops, the reduction in atta and rice was partially 
restored. 


Ration Position in 1946: Owing to the severe food shortage in India 
in 1945, urgent measures were taken to meet the threatened famine. To 
assist in meeting the demands of the civil population further reductions 
in the ration scales for both Indian and British troops were imposed. 
In the case of Indian troops the scale of atta was reduced by 1 oz. and 
was replaced by a choice of either cheese, fruit, potatoes or vegetables. 
The calorie value of the new ration was 3,800. For British troops, the 
flour ration was reduced from 2 ozs. to 1 oz. but the scale of meat was 
increased by 4 ozs. per week and cooking oil by f oz. per day. The 
calorie value of the ration remained at 3,650. The reduction in the 
flour ration was the subject of much complaint among the British troops 
principally on account of the lack of bulk. A special committee in- 
vestigated these complaints and came to the conclusion that the best 
use was not being made of the ration and suggested that with better 
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supervision and control many of the complaints would be obviated. 
Notwithstanding this, complaints regarding lack of bulk continued and 
in due' course potato ration was increased from 12 ozs. to 16 ozs. The 
supplements allowed for Indian and British soldiers engaged in strenuous 
exertion remained the same at 400 calories. The convalescent scale of 
rations was withdrawn as also the issue of extra milk for recruits but 
extra milk issue for boys was continued. 


In July, the military dairy farms commenced the issue of blended 
milk. In the process of manufacture, the high fat content buffalo milk 
was diluted down with reconstituted New Zealand or Australian skimmed 
milk powder instead of skimmed or separated fresh milk. The raw 
buffalo milk having been placed on the pasteuriser was diluted down to 
3°7 per cent. fat content with reconstituted skimmed milk powder and 
the whole pasteurised. Some units, however, complained that with 
the new product it was impossible to make dahz, others that its keeping 
‘qualities were bad. Both these complaints proved to be without any 
foundation. The production of blended milk had many advantages. 
It reduced the cost of milk considerably and enabled skimmed milk 
powder, large quantities of which were held in supply depots and was 
an unpopular issue, to be used up. It also enabled the whole of the 
milk ration for Indian troops to be issued in liquid milk instead of a 
proportion in skimmed milk powder. The utilisation of powdered 
skimmed milk in this manner released a large quantity of fresh milk 
for the civil population which was urgently in need of it. During 1946, 
the military dairy farms produced large quantities of tinned milk, and 
it was found possible to issue this to the units located far away from the 
military dairy farms, thus enabling them to have a safe and good milk 
supply rather than poor quality and dangerous milk supplied by local 
contractors. 


The basic ration scales introduced in 1944, owing to the 
weak food position, had already been reduced in 1945. During 1946 
it was found necessary to reduce the cereal ration for both Indian and 
British troops in order to make more cereals available for the civil popula- 
tion. With the end of the war the necessity for recruiting below-standard 
men, particularly those who were under-nourished, had ceased. This was 
fortunate, as it was doubtful if such men could come up to the required 
standard on these reduced scales which allowed a small margin over 
minimal requirements. 


In the British scale the vitamin B, content of the ration continued 
to be low in 1946 as the fortification of white flour could not be carried 
out owing to the non-availability of synthetic vitamins. The two main 
disadvantages of the Indian ration, viz., the low animal protein content 
and lack of vitamin A still continued as it was found impossible to increase 
the scale of meat, although the defect was to some extent remedied by 
the introduction of blended milk. The issue of blended milk enabled 
untrained Indian cooks to prepare palatable dishes, thus ensuring con- 
se in of the total milk protein in the ration. Tinned fish, such as 
errings and sardines which were always unpopular with the Indian 

roops, were further restricted to 25 per cent. issue of the authorised 
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tinned fish ration. Blended milk increased the vitamin A intake of th 

Indian soldier by 100 to 150 I.U. During the year, 23 ozs. of milk itive 
was issued thrice a week and 24 ozs. of vegetable ghee four times a week. 
Aita, which used to be issued to the Indian troops, was 90 to 95 per cent. 
extracted and fortified with calcium carbonate. Supply arrangements 
were 50 organised that no atta was issued more than four months from 
the date of milling. Gur, which was unpopular with the Indian troops, 
was completely replaced by sugar during 1946. Tinned foodstuffs, of 
which large quantities were still in stock, were limited to one issue a 
week. New and improved road/rail scale of rations (shown in Appendix 
HI, Tables XXXVIII and XXXIX) for Indian and British troops were 
introduced during this year. A revised voyage scale for Indian troops 
was also prepared as the one in existence was ill-balanced, insufficient 


and monotonous. It was not possible to implement this scale before 
the close of the year. 


OTHER RATION SCALES OPERATIVE IN INDIA 


During the war, a large number of labour units were raised for 
work on the north-east frontier of India. These units mainly consisted 
of men from Mysore, Travancore and other parts of South India. They 
were supplied in the beginning with the normal rations authorised for the 
Indian troops. After some time, it became apparent that the special 
needs of these men in respect of their diet had to be catered for, and 
therefore, special scales (shown in Appendix III, Tables XL and XLI) 
for these units were introduced. , 

The Italian and Japanese prisoners of war (POW) in India were 
also provided special rations (Appendix III, Tables XLII to XLIV). 
In addition to the ration scales, mentioned above, special scales (shown 
in Appendix III, Tables XLV to L) were authorised for Indian airmen, 
Indian naval ratings and Allied troops. 


ALFSEA RATION SCALE 


In ALFSEA, Indian troops continued on the field service scale 
of rations till October 1944. In November, a new ration scale (shown 
in Appendix III, Table LI) was introduced for the Indian troops 
which provided a sufficient margin of safety over minimal requirements 
for all essential nutrients, but difficulties were felt at times in fully 
implementing the scale. In 1945, the rations supplied were superior in 
quality and quantity to those which the IORs were receiving previously. 
For example, in 1943, the animal protein (milk, meat, fish, cheese and 
eggs) actually supplied to them was 14 g. per man per day—a very low 
figure. The ration in 1945 allowed, each man, approximately 32 g. 
of animal protein daily, but actually he was supplied with between 
23 g. and 26 g. only. This still fell short of the 40 g. or more of animal 
protein which, according to the Canadian Nutritional Research Team, 
ALFSEA (1945), was the recognised optimum daily allowance for adults. 
The main commodities of the IORs ration, which were unobtainable, 
underdrawn or wasted, were meat, tinned milk in lieu of meat, tinned 
cheese, jam, dehydrated potatoes and vegetables, atta, rice and biscuits. 
Large quantities of atta and rice were supplied to the IORs, and this 
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unted for wastage and underdrawals in respect of these 
oa instances, the e h and wastages of food were 
due to the fact that the IOR, like any other soldier, would rather go 
hungry than eat the food which did not appeal to his palate. Moreover, 
unlike his comrades in the RIAF or the RIN, the IOR in the army had 
retained his food prejudices which he had brought from civilian life. 
These two factors accounted for the non-consumption of nutritionally 
excellent processed foods such as dehydrated meat, tinned cheese, tinned 
herrings, dehydrated potatoes and other dehydrated vegetables. Fresh 
meat supplies, which were obtained for the IORs of the Fourteenth 
Army from India or by local purchase, were in short supply, because 
sufficient animals had not been raised in these areas to supply both the 
army and the civil population. 

It is difficult to get any accurate idea in respect of the food actually 
consumed by the IORs in the Fourteenth Army. Where unit returns . 
were properly maintained by the quartermasters, they gave accurate 
figures of the maximum amount of food made available to the 1ORs, 
but one must take into consideration the fact that some scales in the 
rear area issue depots were not very accurate, and further forwards such 
niceties as scales were often dispensed with and units got their share of 
what was available by rough and ready calculation. The two fairly 
reliable and typical unit food issue analyses made by the Canadian 
Nutritional Research Team, ALFSEA (1945), are given in Table IV; 
they give estimates of the raw foodstuffs made available each day to a 
rice-eating IOR and atta-eating IOR. | 

Data on palatability and acceptability of processed foods in respect 
of the 1ORs collected by observations in the field and by discussions 
with officers by the Canadian Nutritional Research Team, ALFSEA, 
showed that tinned milk, both sweet condensed and unsweetened 
evaporated, was very much acceptable to them; while the unit issues 
were nearly always used only for tea, milk was occasionally used for 
cooking rice. The individual IOR avidly drank milk from the tin or 
any spare milk that he could obtain. Canned vegetables were also 
acceptable, especially leafy vegetables such as spinach. There were 
complaints, however, that often one type of vegetable only, such as canned 
peas, was issued for long periods of time. Canned fruit was an extremely 
popular item but more variety was desired. Among the canned fish, 
salmon and sardines were both palatable items but were issued so fre- 
quently that men were getting tired of them. Tinned herring was not 
very popular. Jam, though acceptable, was not very much liked. Tinned 
cheese was not popular amongst them and so also rock salt. 

In March 1945, a revised field service scale of rations (shown in 
Appendix III, Table LII) was introduced for British troops in the 
ALFSEA with the exception of Ceylon. 


RATION SCALES IN THE MIDDLE EAST? 
The proper feeding of the troops in the Middle East was one of the 


6 The analysis of the ration problem given here is based on the account, The Health of the 
Middle East Force, 1942-43, by Richmond and Gear (1945). 
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TABLE IV 


Nutritional value of raw food actually supplied to an atta 
TOR of the Fourteenth Army. 
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most complex problems of World War II. The years 1942 and 1943 


were particularly difficult owing to the impact of such factors as race, 
climate, religion, etc. The heterogeneous army in the Middle East 
contained many soldiers accustomed to hot climate and tropical diseases 
but, on the other hand, there were many large groups who either entered 
it as local raw recruits or arrived from other countries or climates un- 
prepared for the special hazards of the desert and delta and the Mediter- 


ranean littoral. Although the vast bulk of the Middle East Force (MEF) 


was of British nationality yet these 
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There were 


of the continent. 
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soldiers came from three-quarters of 
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and Seychelles. Finally, there were groups of locally recruited 
peoples from Palestine, Malta, Cyprus, Syria, Arabia, Iraq and the 
Sudan. The ration problems were, therefore, of a stupendous 


nature. 

As shipping became the crucial consideration in the general war 
economy in 1942, the method of stocking supplies in the Middle East 
had to be reviewed. The Japanese successes in the South-East Asia 
appeared to threaten the supply system of the Middle East. Not only 
had imported supplies to be drastically reduced but in the early parts of 
1942, India and Australia could not be depended upon for the un- 
interrupted supplies of such important articles as rice, flour, meat, oil 
and canned goods. Reliance had, therefore, to be placed on local pro- 
ducts; this was, however, not easy as they were hardly adequate for the 
needs of the civilian population. As a first step, it became necessary 
to expand the local resources and create new ones. This required more 
agricultural seeds, machinery, industrial plants and such items as tin- 
plates nearly all of which came from abroad. Ultimately, through the 
efforts and co-ordination of the Middle East Supply Centre under the 
Minister of State, the local sources were developed and imported products 
of meat, cereals and canned goods were replaced by similar allied products 
of local manufacture. 


The complexity of the food problem led to the creation of the 
Middle East Ration Committee consisting of the representatives of supply, 
medical, catering and financial services which dealt with most of the 
questions connected with ration and supply. This committee reduced 
ration scales or introduced untried local foods in replacement of 
those which could not be obtained from abroad. With the ever- 
changing scene of operations from the desert to Sicily and the Mediter- 
ranean, the work of the committee kept on growing. It was a tribute 
to its successful handling of this problem that the troops did not, as 
a ai grumble about the quality of the food nor did their health 
suffer. 


In creating new ration scales and in the procurement, distribution, 
and consumption of food, due weight was attached in the Middle East 
to medical opinion. In the construction of ration scales, an carly 
difficulty lay in the lack of authoritative values in respect of calories, 
vitamin and salt contents of the majority of foodstuffs. In 1943, the 
War Office issued a comprehensive table of generally accepted values for 
all the common food items which made it possible to determine the 
value of the various ration scales with some accuracy. During 1942 
and 1943, over 35 scales were in force and they kept on changing with 
the supply position”. 


7 Some of the ration scales which were in force in the MEF are given in A endix 111 
Tables LIII to LXIX. They are: Middle East field service ration le ration scale: equivalent 
issues; ration scale for IMNS and Q, AIMNS; ration scale for the Indian troops; ration scale for 
a as Desert Squadron ( Indian ); hospital ration scale for Indian troops; assault ration 
a = x n aa troops; operational ration scale for raiding forces and Long Range Desert Group 
e tee! y T ration scale; battle ration scale for Indian troops; train ration scale; train 
a 2 hn al n pea n ; ecu comforts; medical comforts —convalescent depots; 

——CO epots (women’s s : i j 
valescent depots; and medical cantor panniers: Santee a can- 
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Soldiers undergoing sentences in field punishment centres drew 


rations at the scale to which they were normally entitled, except that 
tobacco, cigarettes and matches were not issued. 


The variety of the scales of rations in use in the Middle East and 
alterations in them involved a constant check of the calorie and vitamin 
values, and this itself was a stupendous task. 


The Middle East field service ration scale had originally a value 
of 4,000 calories per man per day, but owing to the difficulties of supply 
this was reduced to 3,700 for a short time in 1942. It was, however, 
soon raised to 3,800 in 1943. Its vitamin values when fresh items were 
available were, on a conservative estimate, as follows :— 


Vitamin A iy i8 .. 4,000 I.U. 
Vitamin B, .. id ma 550 I.U. 
Vitamin B, .. p me 1-5 mg. 
Nicotinic acid .. es zd 24 mg. 
Ascorbic acid .. ER es 75 mg. 


On active operations or in areas where fresh supplies were 
difficult to get, certain so-called dry equivalents had to be issued at 
times. These were fruits, tinned milk and tinned vegetables. Under 
such conditions, accessory quantities of vitamins were supplied. At 
first, these took the form of marmite or yeast tablets and ascorbic acid 
tablets, but later on compound tablets were available in adequate 
quantities. These contained: : 


Vitamin B, .. m .. 400 LU. 
Vitamin B,  .. “9 T l mg. 
Nicotinic acid .. E .. 10 mg. 
Ascorbic acid .. > .. 25 mg. 


In the ration scales, proteins were available mainly in the form 
of meat, bacon, fish, eggs, cheese and milk. Fat was not given much 
importance as the local conditions did not favour a high fatty diet. ‘The 
chief fat item was margarine but cooking oil was also provided. The 
main sources of carbohydrates were bread, flour, oatmeal, potatoes and 
pulses. Owing to the conditions of scarcity or non-availability, the 
quantity of frozen meat issued, which was imported from Australia, 
had to be reduced and this reduction also affected the issues of potatoes, 
oatmeal, rice and tinned food. There was, however, corresponding 
increase in the issue of bread, local fresh meat and cooking oil, as well 
as the introduction of groundnuts in the scale. The field service scale 
was gradually adopted by the majority of groups including the United 
Kingdom, Dominions, Free French, Maltese, Mauritian, Cypriot, Greek, 
Polish and Yugoslav troops. The Indian troops were provided with a 
scale which included atta as the bulk item and such items as dals, ghee 
and Indian condiments. Groundnuts were useful in these scales in 
giving high calorie and vitamin B values. 


Different considerations were involved in producing the various 
so-called battle assault and special operational ration scales. Raiding 
and reconnaissance parties in the desert had to travel light and could not 
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get water; assault troops in the opening stages of battle had to be self- 
contained for several days until the normal supply lines could be established ; 
parachute troops could not expect to get supplies to get through to them 
for several days; and finally tank crews in battle could not always depend 
on getting back to supply areas. Modern food developments consider- 
ably facilitated the problem of supplying rations, which had high calorie 
value, were palatable and were small in weight and bulk, These required 
little or no cooking. Experience on the field, however, showed that the 
troops could not subsist for any considerable length of time on a purely 
concentrated and artificial tabloid diet. The battle ration used by the 
Eighth Army in its attack on El Alamein had a calorie value of 3,100 
and, besides the basic items of biscuits and pressed meat, included cheese, 
jam, tinned milk, vegetables and fish, and the ingredients for tea. The 
extremely efficient follow-up of supplies behind the advance, however, 
saved the troops from any long spells of feeding on the battle ration, 
The limit of ten days laid down was never exceeded. 


Another scale of the type, which met rather peculiar situations, 
was that used by the commandos. Init, sugar, groundnuts, cheese, dried 
fruits, raisins, chocolate and tinned fish were very acceptable items, and 
proved satisfactory in many raids. The Sicilian Campaign provided the 
first opportunity for trying out the pack type of ration. A composite 
14-man pack ration had been prepared by the War Office to meet the 
needs of 14 men for one day or one man for 14 days. It contained a 
variety of items, all canned, which gave an energy value of 3,600 
calories per man per day. There were dishes of sausage, steak and 
kidney puddings, meat, vegetables, fish and cheese. Experience in the 
Middle East of these various operational rations has shown the value 
of such items as dried fruits, groundnuts, boiled sweets, chocolate and 
tinned fish. These items were palatable for troops who had to lead 
strenuous and exciting lives for a few days, had a high calorie value, 
were easily carried and hardly any cooking was required. Ingredients 
for a hot drink, tea in the case of British troops, were always included 
in the scales such as these. 


Adequate vitamin values were always ensured in all routine scales 
of ration and, wherever possible, this was done by including sufficient 
quantities of protective foods such as milk, fruits and vegetables. The 
vitamin A content was maintained by using fortified margarine, cheese, 
milk, and fixing a minimum quantity of fresh or dried carrots and of 
first-class green types in the vegetable issue. Dried apricots were also 
specified in the dried-fruit issue. Red palm oil, which could only be 
had in small quantities, was added to the African and POW scales as 
invaluable means of enhancing vitamin A values. The vitamin B 
series were most difficult to provide. For this purpose, a proportion of 
either wholemeal flour or imported fortified B, Canadian flour in the 
Middle East flour mixture was fixed. Oatmeal, meat, milk, pulses and 
potatoes were also the sources of the vitamin B series. The groundnut 
was an important dietetic item in the Middle East, as it possessed not 
inconsiderable quantities of vitamin B,, riboflavin and nicotinic acid 
and supplies were obtained from the local market to the utmost extent. 
The supply of vitamin C did not create any difficulties as fresh fruits 
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and végetables were usually available, and the supply authorities enabled 
local contracts to be drawn up in such a way that fresh vegetables of high 
vitamin A and C content were always selected in preference to such 
types as marrows, squashes, etc. 


In order to add variety to the rations and to balance their vitamin 
content, such locally available items as eggs, fresh and smoked fish, 
kidney and liver were used wherever possible. When the ordinary 
methods of supplying vitamin failed, the combined vitamin tablet was a 
stand-by to ensure the adequacy of rations. Fortunately, there was rarely 
any difficulty in maintaining satisfactory supplies of fresh articles. 


Experience of supervising the nutrition of an army in the Middle 
East has shown that it is not enough to provide a properly balanced 
ration scale with sufficient protein, carbohydrate, fat, mineral salts and 
vitamins, but it is necessary to devote attention to the preservation of the 
values of fresh items, to the cooking and preparation of food so as to 
preserve its nutritional values and produce palatable and nutritious food. 


To safeguard foodstuffs in transport from depots to units and to 
cook properly proved in actual fact a very thorny problem. Fresh 
supplies suffer rapid deterioration in the field, but this was made worse 
by the intense heat of the Middle East summer and by the enormous 
swarms of flies and dust. There was another difficulty arising from 
the inadequacy of cooking apparatus and trained cooks. Such 
difficulties were, however, vigorously tackled with success through the 
co-operation of supply, medical and catering authorities. The supply 
authorities installed a system of clean, efficient depots, refrigerator vehicles 
and stores, mobile bakeries and butcheries, which brought the food in a 
clean, fresh wholesome condition right up to the very doorsteps of the 
field units. The units, by education, example and occasionally coercion, 
were brought up to a high standard in the methods of collecting food 
from depots, transporting it forward and storing it in the unit areas. 
Very soon most of the units possessed improvised food containers for 
carrying and storing fresh meat, vegetables, cereals, etc. Rigorous 
standards of cleanliness and orderliness were enforced in the kitchens 
and other places where food was piepared. 


The Army Catering Corps was of immense help in the Middle 
East in demonstrating the importance of the kitchens and cooks in the 
economy of the army. Their schools of cookery and their system of 
local catering advisers and inspectors produced in a short time a long- 
needed improvement in the type of men selected as cooks, in their training 
and work. The corpsalso undertook continuous experiments and research 
with excellent results in the way of making field kitchens, ovens and other 
apparatus, and in the methods of dealing with such items as rice, “bully”, 
groundnuts, etc., so as to make them palatable to the troops, previously 
unaccustomed to such foods. In all its methods, the Army Catering 
Corps gave full weight to medical recommendations for the preservation 
of vitamins in the storage and preparation of food supplies and to cleanli- 
ness in the handling of food. 


The feeding of patients in hospitals was beset with many difficulties. 
The wide dispersal of wards, frequently over sandy desert country, made 


78 PREVENTIVE MEDICINE 


the transport of food from the central kitchens a major problem. Nocom- 
pletely suitable hot trolley or container could be devised, and the hospital 
kitchens had to depend on oil as a heating medium. By the end of 1943, 
the importance of cooks and kitchens in helping the army to be fit and 
vigorous had been realised, and the handling of food at all stages from 
the depot to the mouths of the soldiers was efficient and clean. Food 
waste was also considerably eliminated. 

Food deficiency diseases in the Middle East were largely conspi- 
cuous by their absence. The only group in which avitaminosis occurred 
was that of the Libyan POW. Through certain circumstances, outside 
local control, their ration scale had to be changed. A theoretical 
sufficiency of riboflavin was allowed in the diet, but in practice, owing to 
a combination of circumstances, including the method of food 
preparation, a deficiency apparently occurred. These resulted in 
widespread minor manifestations of ariboflavinosis, especially in the form 
of stomatitis and glossitis. Treatment with milk and yeast produced early 
cure. Except for quite abnormal cases, scurvy, pellagra and beri-beri 
did not occur anywhere in the MEF. In fact the men were amazingly 
fit and well-nourished. Some cases of food poisoning occurred mostly 
due to the consumption of rehashed food that had been kept overnight. 
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CHAPTER IV 
Ca tering 


It is a truism that even the most nutritious rations will fail 
in their purpose unless the troops like them in the form they are presented 
to them. This can only be assured by good cooking and catering. The 
British Army Catering Corps was something of a Cinderella in India. 
The number of catering officers who had to deal with this enormous 
problem was relatively small and the cooking apparatus crude and often 
improvised, The Indian troops until late in the war had no catering 
service and subsisted on food prepared mostly by untrained cooks using 
crude appliances. There was no civilian reserve of personnel experien- 
ced in the problems of mass catering, and literature on Indian cookery 
was negligible. ‘The lack was felt particularly in the hospitals in respect 
of the invalid dietary for Indians. Nutrition officers and a few women 
voluntary workers, however, did what they could, by arousing interest 
in Indian cooking methods, arranging demonstrations as to how rations 
could be prepared by skilled cooks and emphasising the importance of 
having meals at reasonably spaced intervals. On the last point consi- 
derable argument persisted. ‘The army tradition, as already mentioned, 
was to give the Indian soldier two meals a day—one shortly before mid- 
day and the other in the evening. It was doubtful if his digestive system 
could cope with about 2,000 calories consumed at a single session. It 
was also unreasonable to expect Indian troops to undertake four hours 
hard physical work before the first meal of the day. 


In due course, change was effected in the hours of meals. In the 
Fourteenth Army it had become a common practice by the end of 1944 
for the IORs to start the day (at 0500-0630 hours) with sweet milky tea, 
and in some units chapatties, parathas or shakarpara biscuits were additional 
items. Between the hours of 1030 and 1130 he had chapatties or rice 
with a vegetable curry. At 1430 hours tea was again brewed and 
between 1700 to 1800 hours he had his major meal of the day consisting 
of chapatties or rice and vegetable curry to which fish, eggs or meat were 
added, whenever available. Fruit, either tinned, fresh or dried, was 
usually eaten with this meal. Individual soldier or smail groups of 
soldiers on patrol frequently prepared their own food. Often very little 
besides cold chapatites or rice was taken along by soldiers on patrols. 
The light scale ration and the composite ration (Indian troops) were also 
used, but individual items such as biscuits were often discarded and not 
carried in the pack. Tank crews experienced considerable difficulty in 
preparing adequate meals from the field service scale of ration (Indian 
troops). 

The major plate wastages observed in the Fourteenth Army in 
respect of the Indian soldiers were rice, chapatties, cheese and tea (milk). 
A few units such as the Pioneers and the Engineers paid particular 
attention to salt intakes. In these units either drinking water was sali- 
nated or special care was taken to see that adequate quantities of salt 
were mixed with atta before making chapatties. Generally speaking 
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IORs took salt only as a condiment added to their food. Tank crew 
IORs got one tablet (5 g.) of salt for every two hours they were “closed 


down’. 
BRITISH ARMY CATERING CORPS IN INDIA 


In paras 1483 and 1484 of the King's Regulation 1940, it was laid down 
that it was the duty of the commanding officer of a unit to see that 
soldiers’ meals were properly and sufficiently provided and that an 
orderly officer or a warrant officer inspected the kitchens and cooking 
apparatus daily. He was also required to visit the dining rooms during 
the breakfast, dinner and evening meal hours to see that the meals 
were properly prepared and there was no cause for complaints. Since 
cooking and catering for large numbers of men were skilled work, an 
Army Catering Corps was formed shortly before World War II for the 
British Army. Its principal functions were training of cooks for British 
troops and giving technical advice on matters relating to cooking and 
catering. 


In 1940, the catering organisation in India consisted of an inspector 
of catering at the GHQ (India) and a school of cookery at Poona with a 
retired army officer in charge. In 1942, an additional school of cookery 
was opened at Aurangabad to train Indian personnel as cooks for the 
British troops and officers’ messes. Four assistant inspectors of catering 
were also appointed during this year to the headquarters of each command 
in India. With the ever-increasing strength of the army in 1943 and 
the realisation of the importance of providing adequate messing and 
catering facilities, a reorganisation of the Inspectorate of Catering was 
brought about resulting in the formation of the Inspectorate of Catering 
and Training. The establishment at the GHQ (India) was represented in 
July of that year by an assistant director of supplies (catering and training) 
who held the rank of lieutenant-colonel. He was assisted by two deputy 
assistant directors of supplies with the rank of major and one staff captain 
WAC (I). At the headquarters of each army or command there was a 
catering adviser with the rank of major and an assistant catering adviser 
who held the rank of captain. At the headquarters of corps the catering 
adviser held the rank of lieutenant. 


A preliminary survey by the Assistant Director of Catering during 
1943 indicated the necessity of training cooks under the direct supervision 
of suitable and technically qualified officers in the catering service. The 
method of obtaining new cooks at the time was not satisfactory. The 
Recruiting Directorate usually arranged for a six-week elementary 
training of the selected candidates at the Indian General Service Corps 
(IGSC) Depot. After the completion of this training the would-be 
cooks were sent to one of the army schools of cookery. When their 
training, trade testing and grading were completed at the school they 
were returned to their depot which posted them according to the demands 
made by the British units and officers’ messes. In actual practice, it 
was observed that generally the mentally dull from amongst the 
candidates were recruited for cooking duties while the better types were 
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reserved for other branches of the army by the recruiting staff, which 
made it difficult to turn the former into efficient cooks. 


In July 1944, a considerable increase in the number of catering 
personnel took place and the courses of training at the cookery schools 


were expanded and standardised. The following additional establish- 
ment was sanctioned :— 


(i) One inspector (lieutenant-colonel) at the GHQ. 


(ü) Eight catering advisers (captains) for the areas/districts of 12,000 
British troops and over. 


(iii) Fifteen supervising travelling inspectors. 
(iv) Fifteen specialist messing officers (captains) for British hospitals of 
1,000 beds and over. 


(v) Five officers-in-charge (lieutenants) for emergency cookery training 
centres. 


Consequent on the formation of HQ Eleventh Army Group and 
the appointment of a chief catering adviser, the catering for British troops 
was taken over by the Eleventh Army Group from the India Command 
with effect from May 1944. 


The third school of cookery was opened at Mhow. The three 
army schools of cookery (those at Poona, Mhow and Aurangabad) 
were expanded as also the training facilities to meet the growing demands 
for the increased output of cooks. The period of training for cooks 
varied from two to four months, and two emergency cookery training 
centres—one at Alipore and the other at Bangalore—were established for 
providing refresher courses. During the war, 22,057 Indian and 3,052 
British cooks belonging to the Army Catering Corps were trained in 
European cookery. 


Supervising cookery instructors were available for the units 
requiring their assistance. The catering advisers visited the units for 
giving technical advice, and consulted the commanding officers on the 
questions of efficiency, promotion, etc. of cooks. They collaborated 
with the unit messing officers, arranged conferences and demonstrations 
and gave advice on the prevention of waste, efficient use of cooking 
apparatus and fuel, and methods of improvisation in the field. They 
also formed liaison with the supply officers and were responsible for the 
training and welfare of cooks. 


CATERING ARRANGEMENTS IN BRITISH UNITS 


An officer-in-charge of messing was generally appointed by the 
unit commander. As a rule, in British units a messing committee was 
formed, with the president of the regimental institute as chairman and 
the messing officer and one private soldier from each company as members. 
The senior cook of the unit also attended the meetings, which were held 
once a week. The main functions of the committee were to draw up 
a * bill of fare’ for the following week, to suggest alternative dishes and 
to make suggestions for improving and serving the meals. ‘The duties of 
the officer-in-charge of messing differed between the units, depending 
upon whether a central or company (squadron, battery, etc.) catering 
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system existed. Where central messing was in force the duties were whole 
time and entailed responsibility for the proper feeding of men, visiting 
dining rooms occasionally to ensure a high standard of cleanliness and 
organisation, and to see that food was properly distributed, and there was 
no undue waste during preparation and cooking. Dining rooms were 
also visited during meal times to ensure adequate seating arrangements, 
provision of sufficient and palatable food, quick service, and to find 
out if there were any justifiable complaints. Attention was also directed 
towards providing a system for the proper washing of utensils, crockery 
and cutlery, etc. The menu, which is the basis of sound catering, was 
devised to suit what men liked, provided, of course, the local supply 
officer could supply the articles required. Variety was also provided 
as far as possible. Under-cooking of meat was discouraged for fear of 
cysticercosis and trichiniasis and no meat was served unless 1t was 
thoroughly cooked. 


It was insisted that vegetables should be obtained as fresh as 
possible and cooked in the minimum quantity of boiled water (and not 
placed in cold water and brought to boil). The exent of cooking done 
was just enough to render them ready to eat and they were served 
immediately. The keeping of vegetables (including potatoes) in a hot- 
box for a long time before actual consumption was discouraged to prevent 
destruction of vitamin C. The consumption of raw fruits and vegetables, 
which grow near the ground and are generally eaten raw, was also 
discouraged on account of the possibility of spreading gastro-intestinal 
group of infections and, if they were to be consumed at all, advice was 
given to wash them thoroughly in running water with several changes 
and to immerse them for five minutes at least in clean water to which 
one scoopful of water sterilising powder per gallon had been added. 
A final rinse was given with clean and running water. All milk, unless 
certified as pasteurised by a military dairy farm, was boiled before use. 
When in barracks the unit cook-houses were generally equipped with 
economical and efficient cooking ranges, but in the field there was much 
scope for ingenuity in improving cooking apparatus from the materials 
available. 


CATERING ARRANGEMENTS IN INDIAN UNITS 


No provision for catering was made for the Indian troops prior 
to 1945, and it was customary to leave messing arrangements to the advice 
of the unit VCO, most of the commanding officers'of the units concerning 
themselves only with supplies, accounting and hygiene. There were, 
however, some commanding officers who took interest in their men’s food. 
Similarly, there were many company officers who interested themselves 
in such matters and even partook the food cooked for their men, 
Experience during the war showed that it was inadvisable to assume 
that catering for the Indian troops was any more simple and less amenable 
to technical improvement than that for the British troops. Where more 
enlightened catering arrangements had been introduced on the initiative 
of individual units increased physical efficiency and morale had resulted. 
Up to 1944, it was customary for messing in Indian units to be supervised 
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by a committee of non-commissioned officers, and a long tradition of 
minimum: interference had resulted in the Indian troops receiving two 
meals a day, cooked on crude apparatus by men with no special training. 


In the Fourteenth Army, most of the cooking for the IORs was 
done over wood fires built in shallow trenches. The cooking equipment 
was simple and consisted of large iron stew-pots and flat iron-plates for 
preparing chapatizes. The Indian pattern fuel cookers, which were avail- 
able, were not used. Generally speaking, the cooks for Indian troops 
were not properly trained and showed little imagination or initiative. 
Generally they made little or no attempt to prepare palatable dishes for 
the IORs from processed foodstuffs, and even the traditional Indian dishes 
such as palaws hardly ever replaced the invariable curry which was 
nearly always cooked for hours at high temperatures. It was, therefore, 
not surprising that maximum physical efficiency among the troops and 
full economy of food and fuel were matters difficult to achieve. As no 
* bill of fare ’ was laid down, cooking was generally not of a high order 
since few cooks possessed any specialised knowledge and the same meals 
were served day after day. Dal is an important constituent of the Indian 
ration but was one of the items most commonly underdrawn. Experience 
showed that full issues were readily consumed if served in a variety 
of ways by a good cook and not always boiled in the traditional manner. 
Many units had, however, started compiling weekly menus with the 
assistance of messing committees and organising training courses for 
cooks under an experienced head cook of proved ability. 


There was an urgent need for a catering service in India to safe- 
guard the interests of both the Indian and British troops in the matter of 
providing them with suitable rations, prepared and cooked in a manner 
which would appeal to them. The effects of good catering on food 
wastage and moral and physical well-being were obvious. 


It was, however, not till May 1945 that the sanction for the 
formation of Army in India Catering Corps was obtained. This was a 
notable event designed to improve the standard of messing for all units 
of the Army in India. The effect of the formation of this corps was to 
give combatant status to all the cooks who were then organised within 
the corps as tradesmen, receiving pay and promotion on the basis of 
merit. Training centres for the corps were established and its members 
entitled to distinctive badges, shoulder flashes and titles. All records of 
cooks were then kept centrally at the Catering Records Office. ‘The 
new arrangement thus ensured a regular supply of technically qualified 
tradesmen (cooks) for the Indian troops. 


CHAPTER V 
Inspection of Foodstuffs 


From the medical point of view it was necessary to ensure that 
rations supplied to the troops were of adequate nutritive value and did 
not cause food-borne sickness. The interest of the Supply Department 
was to ensure quality in relation to contract specification and price. 
In many countries the various Public Health Acts, Bye-laws and 
Food Acts controlled to a large extent the quality of food consumed by 
the citizens, whether of indigenous or foreign origin. In India such 
public control was comparatively restricted in scope and less effectively 
enforced, and hence it was of the utmost importance that measures of 
control instituted by the army were rigidly carried out. Reference has 
already been made to the RIASC organisation under the Inspector of 
Foodstuffs who was a medical officer and who inspected all food supplies 
on behalf of the QMG. Officers in medical charge of units were 
responsible for the periodical inspection of all rations at the ration 
stand, in food stores, cook-houses and dining rooms. 


GROWTH OF THE FOOD INSPECTION ORGANISATION 


The Inspectorate of Foodstuffs did not exist when World War II 
broke out. It came into being as a result of the pressure of circumstances 
consequent upon the expansion of the army and increase in its food require- 
ments, not only of basic cereals, fats, etc., but also of processed foodstuffs. 
In 1939, 1t was customary for the QMG to obtain the requirements of the 
army from approved contractors who delivered supplies against contracts 
to the nearest officer-in-charge of supplies. The latter drew samples 
which were sent to the Military Food Laboratory for examination. Accept- 
ance of supplies was conditional upon compliance with the RIASC 


specifications. No other standards were recognised by the Supply or 
Medical Directorates. 


With the expansion of the army and consequent increase of work, 
the officers-in-charge of supplies found it difficult to operate the con- 
tracts made by the Food Department. India was, therefore, divided into 
six areas covering the whole country: (1) Northern, (1) Southern, 
(111) Eastern, (iv) Western, (v) Central and (vi) Sind. Each area had 
an organisation, consisting of one RIASC examining officer with a small 
staff in each command, ultimately responsible to the Officer-in-Charge, 
Military Food Laboratory, Kasauli. By 1940, the military laboratory 
was no longer regarded as a separate entity, and its officer-in-charge 
was recognised by the QMG as Inspector of Foodstuffs. The laboratory 
also grew into a large inspecting organisation for the defence forces of 
India; the Food Inspection Rooms at Bombay and Calcutta, the Grain 
Inspection Room at Lahore, and the Ghee Testing Laboratory at Agra 
were placed under the technical supervision of the officer-in-charge of 
the Military Food Laboratory, Kasauli. 


rai As before, supplies against contracts continued to be delivered 
o the nearest supply officer-in-charge, and the examining officer carried 
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out bulk exanunations (i.e. of packing materials and markings), took 
samples for examination by the Military Food Laboratory and issued 
documents relative to the formal acceptance on behalf of the QMG. 
With the ever-increasing tempo of the purchase of foodstuffs and the 
placing of contracts with firms all over India, the work of the examining 
officers increased so much that they found it impossible to cope with it. 
It also became impracticable to send samples to Kasauli for examination 
from widely scattered places in India and get the reports of examination 
in time. ‘The result was that inordinate delays ensued in the final accep- 


tance and despatch of supplies, and the whole procurement machinery 
tended to break down as a result of such delays. 


During 1942, over 90,000 samples were examined by the Military 
Food Laboratory, Kasauli and another 34,000 by the branch laboratories. 
This great increase in food examination was the result of the expansion 
of Indian food production necessitated by the war situation. In order 
to deal efficiently with such supplies an Inspectorate of Foodstuffs was 
created as a section of the Directorate of Supply and Transport in the 
QMG’s Branch at GHQ, (India) in July 1942. The Military Food 
Laboratory at Kasauli was absorbed in the new organisation and, until 
newly recruited officers had gained sufficient experience, functioned as 
a training centre and control laboratory in addition to its undertaking 
the routine examination of samples from consignments of foodstuffs 
tendered by the contractors for inspection. The Inspectorate of Food- 
stuffs consisted of a laboratory service (with six area laboratories, seven 
ghee testing laboratories and three branch laboratories) and a supply 
organisation which carried out bulk inspection of consignments and 
sampling. The area laboratories were located at Karachi, Agra, Manmad, 
Bangalore, Calcutta and Kasauli and the branch laboratories at Pesha-. 
war, Lahore and Raipur. 


On the supply side, India was divided into a number of sub-areas 
based on the districts in which the greatest numbers of contracts were 
placed by the QMG. Each of these sub-areas was placed under the 
control of a supply officer (captain) responsible for the operation of all 
contracts placed in his sub-area. Sub-areas were grouped under the 
administrative and technical control of the RIASC officers (majors). 
The whole organisation was under the control of the Inspector of Food- 
stuffs who was a medical officer with specialist qualifications in hygiene. 
In addition to the inspection of supplies the Inspectorate of Foodstuffs 
was also responsible for the hygiene inspection of factories producing 
foodstuffs for the defenee forces, and for making recommendations 
regarding the turnover of stocks in all reserve base supply depots. 
Besides qualitative inspection, the Inspectorate of foodstuffs was also 
responsible for physical procurement, the carrying out of weighment 
checks and the loading and desptach of railway wagons. 


ACTIVITIES OF THE INSPECTORATE OF FOODSTUFFS DURING 1943-44 


The year 1943 saw many technical and administrative developments 
in the procedure for providing the army with food of satisfactory quality. 
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Increase in demands and the restriction of imports necessitated the develop- 
ment of the Indian food industry on an unprecedented scale, not only 
in respect of the established manufactures, but also of relatively new 
processes such as dehydration. The mushroom growth of industry, 
coupled with a shortage of experienced technical staff, resulted in many 
difficulties and disappointments. From the army point of view a 
rigorous inspection procedure was essential. To meet this demand 
the Inspectorate of Foodstuffs was reorganised and expanded. Approxi- 
mately 400,000 tons of indigenous food products were inspected before 
acceptance. This involved the operation of 956 separate contracts and 
the provision of inspection facilities at 914 points throughout India. 
Hygiene inspection of factories, producing food for the defence forces, 
involved 587 visits to various places. The total number of samples 
examined in all the military food laboratories was 54,048. ‘This figure 
is not comparable with those of the previous years since it was based upon 
a revised system of numbering samples, whereby a sample of one kind 
counted as one, irrespective of the number of component parts In it. 
The difficulties experienced by the food industry in standardising the 
manufacturing processes were reflected in the rejection of a considerable 
number of unsatisfactory consignments tendered, the chief causes of 
rejection being unhygienic conditions of manufacture. It was a matter 
of great difficulty to educate producers in the principles of manufacturing 
on proved scientific and hygienic lines. 


It 1s not fair to compare the standards of quality of foodstuffs 
supplied to the troops during this period with those achieved in the 
previous years. Although specifications relating to the established manu- 
factures were not relaxed, the quantity was bound to be affected owing 
to the introduction of new commodities which could be produced with 
difficulty. Some of these (dehydrated vegetables, for example) had 
to be used in lieu of tinned or fresh supplies. The situation was also 
influenced adversely by an acute shortage of reliable packing materials, 
such as tin-plates. Many substitutes were given a trial, and though 
these were known to be satisfactory in temperate climates, they did not 
give adequate protection under tropical conditions. In spite of the best 
endeavours, the general standard of the quality of rations could not be 
maintained at the level attained in the previous years. This deterioration 
was inevitable during the transition period in which a new industry 
was being developed to meet war-time needs. The policy of the 
medical services was to ensure that deterioration did not reach 
such a degree as to cause adverse effects on health and at the same time 
to avoid complicating a difficult supply position by imposing impossibly 
high standards. The justification for such a policy was reflected in the 
comparatively high level of health maintained by the army throughout 
the critical period of readjustment and development. 


. The expansion of the Inspectorate of Foodstuffs in 1943 resulted 
in a marked all-round improvement in the quality of foodstuffs reaching 
the troops during the year 1944. The policy of providing military food 
laboratories in or near all the large base depots enabled a more careful 
watch to be kept on the quality of reserve food-stocks. In addition, the 
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indigenous food industry was carefully surveyed, and instead of pur- i 
chasing food supplies from large numbers of relatively small concerns, 
which had sprung up during the war, production was entrusted to a 
comparatively small number of experienced and more reliable firms. 
Inspection was thereby facilitated and the risks: of wastage of raw 


materials and presentation of sub-standard material for acceptance were 
correspondingly reduced. 


l The institution of the Government of India Technical Standardisa- 
tion Committee early in 1944 paved the way towards systematic standar- 
disation of manufacturing processes and specification standards. This 
was a joint committee of the technical officers of the War and Food 
Departments and consisted of the following members :— 


Chief Technical Adviser, Food Department. 
Chief Director of Purchase, Food Department. 
Director of Food Inspection, QMG’s Branch. 
Assistant Director of Food Inspection (Technical). 
Others were co-opted when required. 


The scope of its activities in regard to advice to these departments 
included standardisation of processing methods, recommendations regard- 
ing desirable standards of hygiene in food factories, the framing of draft 
RIASC specifications and determining the suitability of packing mate- 
rials. The RIASG specifications for foodstuffs, generally, were tightened 
during this year, particularly in respect of the improvement of packing 
materials. The experience of the previous year (1943) led to the aban- 
donment of most of the substitute packing materials, and efforts were 
made to ensure that all perishable processed foodstuffs were packed in 

sound containers manufactured of tin-plate. 


The responsibility for the hygiene inspection of factories was 
transferred at the beginning of 1944 to the Food Department which was 
endeavouring to create a new inspection organisation, designed eventually 
to replace the Inspectorate of Foodstuffs. The latter organisation was 
then to have turned its attention wholly to the large stocks of foodstuffs, 
imported and indigenous, in the QMG’s supply depots. Visits of hygiene 
officers to factories producing foodstuffs for the defence services, however, 
continued throughout 1944, and the standard of hygiene was raised 
considerably, as the policy of reducing the number of producing firms 
facilitated the elimination of those with a low standard of hygiene. 
During this year, 142,205 samples were examined in the seven military 
food laboratories (with their four branch laboratories) and six ghee testing 
laboratories. The large increase in the number of samples examined, 
when compared with those of the previous year, was accounted for by 
an increase in the total quantity of stocks, held in the reserve base and 
other supply depots, and by the necessity for regular and extensive sam- 
pling. Approximately 432,175 tons of indigehous foodstuffs were 
inspected before acceptance, involving the operation of 852 separate 
contracts placed by the Food Department. 
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ESTABLISHMENT OF THE DIRECTORATE OF FOOD INSPECTION 


The Food Department was, however, unable to implement the new 
inspection organisation which was proposed in 1944, and it was decided 
at the end of the year to set up a Directorate of Food Inspection to carry 
out all food inspection work required by the DMS in India, the Secretary 
of the Food Department and the QMG. The new directorate was 
proposed to be built around the then existing Inspectorate of Foodstuffs 
under the QMG, thereby making use of the practical experience gained 
by its personnel over the past three years. Its activities were to include 
inspection of commodities before acceptance by the army from contractors, 
hygiene inspection of food factories, control of insect infestation in Q MG’s 
supply depots, inspection of stocks in reserve base and other supply 
depots and ‘ stage’ inspection in the government factories or factories of 
the approved contractors (i.e. examination of the product from the raw 
material stage to the finished article). This brought about a marked 
improvement in the quality of food reaching the troops in the forward 
areas and was specially commented upon by the General Officer Com- 
manding-in-Chief, Fourteenth Army. This realistic policy by the 
medical services during the previous year, viz., ensuring that deteriora- 
tion in quality did not reach such a degree as to affect the health 
adversely, whilst at the same time avoiding complication in a difficult 
supply position by not imposing unduly high standards, was thus more 
than vindicated by the progressive improvement brought about during 
1944. 


EXPANSION OF THE DIRECTORATE OF FOOD INSPECTION 


With the enormous quantities of foodstuffs piling up for an all-out 
offensive against Japan, there was need for improvement in the inspec- 
tion facilities to deal with the consignments of food, both imported and 
indigenous, in connection with the turnover of stocks in Q MGs supply 
depots and inspection of consignments of foodstuffs tendered for accep- 
tance for the defence forces, including the despatch of such consignments 
to the distributing depots and all accounting connected therewith. 
‘ Stage ° inspection of processed foodstuffs during their manufacture at the 
government factories and certain factories of approved contractors in- 
cluding the government controlled flour mills, demanded increasing atten- 
tion from theinspectingstaff. Hygiene inspection ofthe factories producing 
commodities for the defence services and preventive work in connection 
with insect infestation in all QMG’s installations were also becoming 
pressing problems. The Directorate of Food Inspection was, therefore, 
expanded on 20 April 1945. This involved the finding of a large number 
of supply officers and subordinates, the procurement of specialist officers 
with experience of food processing from England, and the recruitment 
of a cadre of civilian gazetted officers as chemists, entomologists and 
veterinary inspectors for employment in meat and dehydration factories. 
The size of the new organisation can be gauged from the fact that the 
total number of its personnel was 1,238. The headquarters of the 


ee had four technical sections. The organisation was as 
ollows :— 
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Director of Food Inspection 





Section A (Co-ordination) 


E (nari re eee 2 — 


i y 
Section B Section C Section D Section E 
‘ Stage * inspec- Operation of all Fight military Hygiene inspection 
tion in 28 de- Food Department food, six ghee test- of factories. 
hydration contracts (other ing and three Food bacteriology. 
factories. than dehydration). branch laboratories. Pest control. 


Inspection of grain Inspection of stocks 
and grain products in reserve base 

in controlled mills supply depots and 
and grain depots. base supply depots. 


The Director of Food Inspection was a medical officer who was 
a specialist in hygiene. The rest of the organisation consisted of chemists, 
supply officers and civilian gazetted officers especially trained in pest 
control, Each reserve base supply depot and base supply depot had 
its own military food laboratory, and in each a trained bulk inspection 
team of officers and VCOs was established to carry out sampling duties. 
Personnel in the lower formations worked in inspection areas, the boun- 
daries of which corresponded with those of armies and commands. Each 
Inspection area was under the administrative control of an assistant 
director of food inspection with headquarters at Lahore, Kanpur, Calcutta 
and Bombay. The Director of Food Inspection undertook the responsibi-- 
lity of revising the old specifications for foodstuffs in the light of experience 


gained in procurement and analysis carried out at the military food 
laboratories. 


The intensity of the damage caused by pests was not realised till 
1944. In the winter of 1944-45 the deterioration in grains through 
infestation reached its peak and complaints multiplied. With the 
formation of the Directorate of Food Inspection, pest control officers were 
located in each reserve base supply depot. At the same time the Food 
Department of the Government of India set up the Directorate of 


Storage which also looked after the pest control measures in the QMG’s 
installations. 


Food inspection personnel worked hard to solve the problem arising 
from faulty processing, bad packing, deterioration of stocks and damage 
caused by pests, etc. The Government of India Technical Standardisa- 
tion Committee and the Chief Technical Adviser, Food Department, 
worked with them in close co-operation, This resulted in raising the 
standard of hygiene in food factories, tightening up of RIASC specifica- 
tions and a greater output with less rejections, the final outcome being 
a better ration for the fighting men. In 1945, the military food and ghee 
testing laboratories tested 207,683 samples. Indigenous foodstuffs inspected 
and despatched by the Director of Food Inspection amounted to about 
300,000 tons. With the cessation of hostilities in August 1945, there 
remained the need for rigid inspection due to the ageing of stocks in war- 
quality packs. The turnover of some 300,000 tons of foodstuffs held in 


90 PREVENTIVE MEDÍCINE 


base depots in a famine stricken country with its adverse climatic condi- 
tions called for considerable ingenuity and foresight. 


REDUCTION IN THE ACTIVITIES OF THE DIRECTORATE OF FOOD INSPECTION 
IN 1946 


During 1946, a number of reductions were carried out to keep in 
step with the general demobilisation consequent on the close of the war. 
‘Stage ’ inspection in the processing of dehydrated meat was no longer 
necessary for the needs of the defence services; flour mills were decon- 
trolled, and the number of reserve base supply depots was reduced. As 
a result of the reduction of such activities the military food laboratories 
at Kasauli, Karachi, Calcutta and Banaras were closed during the year. 
The ghee testing laboratories at Ambala, Muzaffarpur, Kamptee and 
Karachi and the branch military food laboratories at Peshawar, Bangalore 
and Lahore were also closed. The necessity for the retention of the 
Central Stores Depot, Lahore, was no longer felt and it was abolished 
after handing over the balance of laboratory equipment and chemicals 
to the IAOC. 


At the end of 1946 the following laboratories were still in existence: 
military food laboratories at New Delhi, Manmad, Lahore, Panagarh 
and Avadi, and the ghee testing laboratories at Agra and Bangalore. 
In all, 195,385 samples were tested in the military laboratories during 
1946. Indigenous foodstuffs inspected and supplied by the Directorate 
of Food Inspection amounted to about 250,000 tons. The medical 
officers, serving the Directorate of Food Inspection to carry out hygiene 
inspection of the factories holding contracts with the Food Department, 
were withdrawn and the DMS arranged for local medical officers to 
inspect and submit their reports direct to the Director of Food Inspection. 
These officers gave valuable advice and most of their suggestions for 
improvement in the hygiene standards of factories were willingly accepted 
by the factory owners and put into effect. Thus the laboratories worked 
at full pressure throughout the year with reduced staffs and had to deal 
with reserve stocks which were ageing and rapidly deteriorating. In 
addition to dealing with reserve stocks the disposal of American surplus 
foodstuffs and an all-year-round supply of milk ghee had to be arranged. 
Many tons of foodstuffs were sold to the public, and the army categorisa- 
E of quality was in the majority of cases accepted by the local health 
authorities, 


CHAPTER VI 


Development of Indigenous and Other 
Food Resources 


In India a great majority of people had for years been accustomed 
to face conditions bordering on semi-starvation and malnutrition. The 
country had not been self-sufficient in the matter of its food requirements 
for a number of years. ‘The expansion of the defence forces in India 
further increased the demands for various foodstuffs required by the 
fighting men and as there was no pari passu growth in production, such 
demands could only be met by making inroads into the food-stocks 
available in the country for the general population. The entry of Japan 
into the war in 1941 tended to aggravate the already serious food situa- 
tion as imports of such an important cereal as rice from Burma, Siam 
and other Far Eastern countries practically ceased and the supply 
position seemed desperate. If the demands of the defence forces were 
to be constantly met from insufficient food-stocks of the country without 
any regard to the needs of the civil population, the impossibility of having 
India as a base for operations in the South-East Asia and the difficulty 
of maintaining intact of the L of C leading to the operational areas could 
not be ignored. The army had thus to develop indigenous resources to 
meet some of its requirements and depend partly upon the use of im- 
ported foodstuffs. The Bengal Famine further emphasised the necessity 
of exploring all possible avenues for provision of foodstuffs." 


1 The worst effects of the famine were felt in the year 1943 and caused a searching 
enquiry to be made not only into its causes and effects but the extent to which the increased 
army consumption contributed to the scarcity of foodstuffs in the country. In the month of 
April 1942, the Government of India had agreed to the purchase of surplus stocks of rice and 
paddy by the Bengal Government in vulnerable coastal districts of Bengal and to their removal 
in pursuance of the ‘denial’ policy. Allegations were made that the scarcity in Bengal was 


due to an excessive quantity of rice being appropriated for the use of the defence services 
and that undue strain was being put upon the deteriorating economy ofthe country. The 
daily rising prices of the necessities of life appeared to lend confirmation to such views. In 
this connection it is necessary not only to state certain facts but also to describe in some detail 
the measures adopted by the army to meet some of its requirements in order to lessen the 
strain on the food resources of the country. All food grains and other dry rations required 
for the defence services or for the labour employed on defence works in Bengal were obtained 
by the Food Department from the sources outside the province. Large quantities of rice 
were imported for military needs from the Central Provinces, Orissa and Madras. The only 
burden on the province was in respect of certain fresh supplies issued to the defence services 
such as meat, milk, vegetables, fruit, chicken, eggs, fish and potatoes. The total yield of rice 
in Bengal in 1942 was over nine million tons, and the quantity purchased by the Bengal Govern- 
ment in pursuance of the ‘denial’ policy (allowing the conversion of paddy to rice at the 
usual rate of 70 per cent.) was 8,60,139 maunds or 30,719 tons of rice. The purchase thus 
amounted to 0:34 per cent. of the total yield of the province. As this rice was, with negligible 
exceptions, consumed in Bengal, the rice * denial * scheme could not be said to have contributed 
to the famine conditions in Bengal. Before the entire stocks purchased could be transferred 
to the safer areas in the north and north-western districts, it was decided by the Bengal 
Government to divert the balance of the stocks to the deficit areas such as Faridpur, Dacca and 
Calcutta, although these districts were considered to be vulnerable. In many parts of Bengal 
a very high proportion of the transportation of rice from the surplus to the deficit areas was 
done by country-boats. The withdrawal, as a ‘denial’ measure to the north of a given line, 
of all large boats from the coastal regions, which were the richest rice producing districts in 
Bengal, and on the surplus produce of which several of the jute producing districts normally 
depended, did, therefore, affect the distribution through normal trade channels and caused 
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MANUFACTURE OF DEHYDRATED VEGETABLE, FRUIT AND MEAT PRODUCTS 


As early as 1940, the Military Food Laboratory, Kasauli, actively 
co-operated with the Director of Supplies and Transport in the production 
of dried potatoes for the needs of the Army in India. By the end of 
1943, thousands of tons of other dehydrated vegetables also had been 
produced. The plants in which vegetables were processed were about 
sixty in number, ranging from small factories with one dehydration 
tunnel to large ones having twenty tunnels or more. The difficulties 
under which organisers of the various schemes for preduction had to 
labour were stupendous. The main handicaps were that they were 
asked to produce in a short space of time immense quantities of new 
products for which detailed technical processes had yet to be worked out 
and the country had hardly any established food processing industry 
worth consideration. Construction materials for buildings were in short 
supply and suitable processing equipment was not available. Lastly, 
good tin-plate for packing, an essential material for dehydrated products, 
was in extremely short supply and alternatives, such as untinned sheet 
iron, were found to be quite inadequate for the purpose. Further 
difficulties were introduced by the system of contracts under which the 
producing firms had to work. All contracts were short term ones with 
the result thatthe factories were generally of flimsy construction and were 
poorly staffed. The early contractors also suffered from inadequacy of 
technical advice from the purchasing authority. In addition, the 
programmes demanded the dehydration of a wide variety of vegetables— 
potatoes, carrots, cabbage, brinjals, okra and pumpkin. For all these 
different types of vegetables similar processing instructions were given 
although it is obvious that the processing requirements of such different 
varieties of vegetable tissue demanded specific instructions for each. 


Construction of drying tunnels was primitive and the use of direct 
coal or wood fire made temperature control impossible. The plants were 
badly laid out. In some factories the washing and handling of raw 
vegetables were carried out adjacent to the spot where the blanching of 
product was done before entry into the drier. There was also inadequate 
washing of the slices after cutting. In the case of potatoes the starch 
liberated from the cut cells gelatinised during the scalding process and 
the resultant slices tended to stick together. 


In January and February 1944, a technical mission from the United 
Kingdom toured the dehydration installations of India and made 
recommendations for the satisfactory manufacture of dehydrated products. 


Footnote contd. 


scarcity in certain areas. Another important feature was the loss of confidence among the 
population of the affected areas as the ‘ denial’ measures were first applied when the Japanese 
were very close to Bengal itself. The panic which ensued from the denial of boats and other 
means of transport increased the lack of confidence and adversely affected the economic situation 
About 25,000 boats were removed in 1942 from a certain limited area in Bengal with the object 
of denying the enemy their use in case of invasion. With the exception of 1,250 boats required 
for military purposes in the Eastern Command, it was decided to release the rest later on 

For further details see also (i) Chapter XVIII on Military Medical Relief in Bengal Famine 
of the Administration volume of Official History of the Indian Armed Forces in the Second World 
War, 1939-45, Medical Services; (ii) Medical History of the Bengal Famine, 1943-44 (CIS Historical 
Section File No. L/5/25/H(M)); and (iii) Report on Bengal Famine Enquiry Commission, 


DEVELOPMENT OF INDIGENOUS AND OTHER FOOD RESOURCES 93 


As a result of the recommendation of the mission it was decided by the 
Food Department of the Government of India to reorganise the industry. 
All small, unhygienic and uneconomic units were eliminated, and ten 
new and ten reconditioned factories were set up, each having an output 
capacity of two tons of dried potatoes (or its equivalent in other vegetables) 
per day. These plants were designed on the basis of the standard plan 
of the Ministry of Food in the United Kingdom, modified to suit Indian 
needs. While these schemes for the expansion of the industry were 
under consideration, the world situation regarding the production and 
supply of dehydrated vegetables changed and the QMG found that his 
requirements could be met from other countries, except for dehydrated 
onions. Food Department was asked to make arrangements for meeting 
the demands for the latter as well as for potatoes. It was obvious that 
this restricted programme could not merit the reorganisation of the 
industry on the lines formerly suggested and a new scheme was proposed 
in which 24 factories were selected to participate; necessary improvements 


were made in their case by introducing modifications to the minimum 
extent. 


Dehydrated Meat: All the dehydrated meat produced in India for 
the defence forces was prepared simply by drying hand-cut slices of goat 
meat which had received prior immersion in brine. ‘Two meat factories 
were producing dehydrated meat during 1943—one at Amritsar and the 
other at Nowshera. The factory at Amritsar had to be closed down owing 
to infestation by insects, dermestes vulpines and necrobia. Infestation was 
due to the kutcha construction of the factory building, the use of thatched 
roofs, insufficient attention to hygiene requirements, and to its location 
in an area where tanneries were situated. Early in 1944, schemes were 
taken in hand for the production of pre-cooked minced dehydrated goat 
meat and mutton, but the factories could not be completed before the 
end of the war. The QMG’s indent for dehydrated goat meat slices 
for the year 1944 was for 3,200 tons of jhatka meat and 3,200 tons of 
halal meat out of which the Food Department accepted responsibility for 
the production of 600 tons of jhatka and 750 tons of halal meat. ‘The 
designed output of the factories is given below :— 











Location of factories Meat Designed output 

Nowshera j Halal 1 ton per day. 

Amritsar ss 1 ton per day (later closed and re-designed 
for pre-cooked goat meat). 

Agra ha Halal | $ ton per day. 

Madras e Jhatka l ton per day. 

Poona 6 Jhatka 1 ton per day. 

Patna T Halal l ton per day. 

Delhi Cantt. ga Halal 4 ton per day. 

Anantpur T Halal ] ton per day. 

Ranipat - Pre-cooked minced mutton. 


O i i ttt 


Dehydrated Fruit: Drying of fruit was in full swing at the government 
factory at Peshawar by the end of 1943, The object was to preserve 
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as much fruit as possible. A scheme of co-operative growing had been 
introduced throughout the neighbouring country-side, and drying trays 
and sulphur houses were set up In the orchards. The fruits, after being 
sulphured and sun-dried, were despatched to the factory at Peshawar 
where they were sorted, washed, re-sulphured and dried in specially 
constructed drying tunnels. On one occasion considerable loss occurred 
of the fruit thus prepared owing to insect infestation arising from defective 


storage. 


BRIEF ACCOUNT OF DEHYDRATED MEAT FACTORIES 


A brief account of some of these factories is given here in order to 
give an idea of the difficulties which had to be encountered and which 
were common to such ventures at that time. 


Amritsar Factory: Production started in Amritsar in April 1943. 
Insect infestation was reported on 10 August 1943, and the production 
in the factory was suspended on 17 August 1943. This factory was 
erected at a time when the demand for dehydrated meat was so urgent 
that production had commenced before the factory building, housing and 
drainage schemes were properly completed. As a result of processing in 
a kutcha building, insect infestation occurred. Dried meat manufactured 
in June and July and held in the reserve base depot at Banaras was found 
to be infested with various kinds of insects. The quantity of meat 
rejected on this account amounted to 334 tons valued at (seven rupees 
per lb.) five lakhs of rupees. A consignment of six and a half tons of 
the reconditioned meat packed and ready for inspection was pronounced 
by the Inspector of Foodstuffs as unfit for human consumption. The meat 
had an offensive smell and dead beetles and maggots were found in the 
interior of the portions of meat. In the light of these findings the 
inspector recommended that the whole of the meat be destroyed by 
incineration, as in his opinion it was unlikely that reconditioning after 
salvage would result in any portion of it being passed as fit for human 
consumption. 


Nowshera Factory: The Nowshera factory was designed for an 
estimated output of one ton per day of dehydrated halal meat. Produc- 
tion commenced in April 1943. The factory was built and operated 
by the Government of North-West Frontier Province, but all expenditure 
on buildings and production was paid by the Food Department of the 
Government of India. The usual initial difficulties regarding hygienic 
production such as adequate disposal of blood, latrine accommodation 
and protective clothing for the workers and fly-proofing of the factory 
buildings, etc., were encountered, but on the whole production was 
fairly well maintained. In May 1943, the factory was temporarily closed 
because the water supply was found to be contaminated. Water for 
the purpose of making brine for salting the meat was drawn from a well 
in the factory precincts, but water for most other purposes was drawn 
from the river and not chlorinated. This meat was rejected in November 
1943 owing to its high moisture content and rancidity. A high zinc 
content and insect infestation were also reported at that time. 
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Progress in Other Factories: The other factories, installed by the Food 
Department, started production on the following dates :— 


Agra er .. 29 January 1944 
Madras “sie > 4 daaar ee 
Poona 31 March 1944 
Patna me a. 5 April 1944 
Delhi Cantt. .. .. 22 October 1944 
Anantpur PA .. 28 April 1945 


Many difficulties were encountered in obtaining the necessary construc- 
tional material, labour, etc., and some general impression of these 


difficulties would be obtained from the following progress statements for 
the Delhi and Poona factories. 


Delhi Factory: Preliminary discussions were opened on 20 May 
1943, and it was decided that the Delhi factory should be a model one, 
to be run by the military personnel as a QMG’s installation, operating 
under the Food Department in a manner similar to the ghee heating 
centres. Its rated capacity was half a ton a day of halal dehydrated meat. 
The daily estimated requirement of goats was 250. On 27 October 1943, 
the site which had initially been chosen was objected to on the ground 
that it was too near the British Military Hospital in Delhi Cantonment. 
A new siting board was held to review the situation and ultimately 
construction was commenced by the Central Public Works Department 
on 29 April 1944. A board of officers of the Food Department visited 
the factory and ralsed among others the following objections: Laboratory 
was too small. Dust-proofing was inadequate. Arrangements for blood 
disposal and sullage water were unsatisfactory. The board viewed with 
alarm the very poor quality of concrete work and the drainage system 
generally. They estimated that these defects could be rectified and the 
factory completed by the middle of June 1944. Ina consequent examina- 
tion of the factory, it was found that the cement floors had cracked and 
the building was infested with termites which came out through the 
cracked flooring. The opening of the factory was delayed while the 
floors were being resurfaced. Ultimately on 22 October 1944, production 
commenced with a small output of 100 lbs. a day. 


Poona Factory: On 13 July 1943, the preliminary agreement with 
the contractor, who was to operate the factory, was drawn up; the rated 
capacity was half a ton per day. Excavation commenced in July and 
the foundations of the main building were laid in August 1943. The 
main building was nearly completed by the end of November, but the 
tunnel fittings had not yet arrived and the laying of electricity lines was 
not completed. On 4 March 1944, the DADH, L of C Sub-Area, 
reported that the factory was not yet ready to be opened, because among 
many other things fly-proofing and ablution facilities were madequate. 
The factory ultimately started production on 31 March 1944. 


TECHNICAL DIFFICULTIES ENCOUNTERED DURING OPERATION 


Most of the difficulties may be ascribed to the inefficiency of the 
workers and lack of adequate administrative staff. Contractors tended 
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to become careless about hygiene matters, and on many occasions gross 
defects, such as improper burial of inedible offal, unsatisfactory washing 
of trays, failure to remove and clean slicing knives and table clamps from 
the trimming tables withthe consequent accumulation of putrefying meat 
below the tables, were found. The water supply was often not adequately 
chlorinated and the workers themselves and their clothings lacked cleanli- 
ness. Difficulty was experienced in obtaining goats to meet the full 
requirements of factories. In many cases the animals were underfed by 
the suppliers and were driven over long distances to the factories, often, 
in fact usually, arriving in an emaciated condition. The arrangements 
for the segregation of goats in goat-pens were unsatisfactory and goats 
wandered from pen to pen. Unless the number of animals required for 
slaughter per hour is properly arranged meat tends to accumulate in 
excess of the processing requirements and is unnecessarily exposed to dust 
and flies, Few contractors appeared to be able to arrange this part of 
their work satisfactorily. 

Dehydrated Fish: Plans for the construction of five plants for the 
production of dehydrated fish were put forward in 1944. ‘The scheme 
had to be dropped finally owing to the non-availability of fishing craft, 
experienced deep sea fishermen and trawling equipment. Little or 
no data was available regarding the precise method of processing which 
could be used for the varieties of fish caught off the Indian coast, nor 
was there any reliable information available as to the keeping properties 
of dried fish. It is obvious that much experimental and research work 
had to be done before any large scale plans could be drawn up. 


Dried Fish: Small quantities of dried fish were prepared by two 
firms in Karachi by a simple process of filleting, smoking and drying. 
The product was not very satisfactory as it readily crumbled into powder 
leaving only thick pieces of skin to which scraps of flesh adhered. Severe 
cases of infestation with necrobía and sometimes with dermestes also occurred. 


EFFORTS MADE BY THE ARMY FOR REDUCING ITS DEMAND FOR FRESH MEAT 


Efforts made by the army to reduce its demand for fresh meat 
available in the country may now be considered. The estimated cattle 
population for the whole of India in 1944 was 162,000,000. By giving 
every beef consumer his full entitlement daily throughout the year the 
army Offtake would have been 850,000 cattle in a year. It was, therefore, 
decided to issue tinned meat twice a week. As the issues of fresh meat 
were on an average two to three per week, the actual offtake of cattle for 
_army needs would have been reduced to 300,000 per annum. In addi- 
tion to this, increasing imports of frozen meat had begun to come forward, 
and the army schemes for pig and poultry breeding were being developed. 
It was, therefore, estimated that military requirements of meat in 1945 
would not exceed 150,000 to 200,000 cattle, on the basis of the following 
issues :— 

Imported beef .. .- Issued 3 days weekly. 
Tinned meat .. .. Issued 2 days weekly. 
Indigenous pork and poultry Issued 4 day weekly. 
Indigenous beef... .. Issued 14 days weekly. 
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Details of the importation of certain foodstuffs which were issued 
in lieu of fresh meat are given below:— 














E 
Items Received in 1943 [Demanded in 1944 am Wat 
A E | 
| 
l lbs. ss ibs. lbs. 

Meat tinned m 86,271,360 | 85,424,640 109,760,000 
Meat dehydrated .. | 22,400 §,048,000 | 6,720,000 
Milk tinned sea 60,480,000 207,020,800 181,440,000 
Milk powder as | ¿a | 14,022,400 

Í 


| 5,178,880 


Of the above items the first two were in lieu of fresh meat. The 
greater portion of the tinned milk was in lieu of fresh milk, but 62,720,000 
lbs. of the total quantity shown in 1944 was in lieu of fresh meat. So 
far as powdered milk was concerned a greater part of it was in lieu of 
fresh milk and a small portion in lieu of fresh meat. Jn addition to 
the above, 20,160,000 lbs. of tinned fish were demanded in 1944, the bulk 
of which was for issue in lieu of fresh meat. ' 


Cold storage scheme was also developed. 1t aimed at providing 
three issues of imported frozen meat per week in lieu of Indian fresh 
meat to all British and African troops in the India Command and the 
SEAC. It was anticipated that the scheme, whichhad already started 
in 1944, would be in full operation in 1945, when issues of frozen meat 
were to be at the rate of 25,116 tons per year. This figure represented 
3/7th of the total demand for fresh meat for the British and African 
troops which would have fallen on India, covering as it did three issues 
a week. In practice, however, the balance of four weekly issues in 
operational areas was invariably of tinned meat. Taking into consi- 
deration the higher proportion of troops located in operational areas, as 
compared with those in the India Command, the relief afforded to Indian 
resources was approximately 70 per cent. of the total requirement of fresh 
meat which would have otherwise arisen in the absence of any scheme 
for importing frozen meat into India. It may be pointed out that 
these calculations did not take into consideration the relief affected by 
importing frozen meat separately for American requirements. The cold 
storage scheme, which also provided storage space for the meat imported 
by the forces of the USA, afforded further a very considerable relief to 
India”. 


DEVELOPMENT OF LOCAL RESOURCES BY DEFENCE SERVICES 


In February 1944 a section of the QMG’s Branch was made 
responsible for the development of local resources in India. Orga- 
nising staffs were allotted to armies or commands with the primary 


* 


object of formulating schemes to provide, without affecting civil economy, 


2 Details of the cold storage plants which were erected under this scheme are given 
in Appendix IV from which it will be seen that the layout covered all areas in India where the 
troops were located in addition to the operational areas. 
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a continuous and planned supply of produce which, with a reasonable 
economic offtake from civil sources, would render each army or command 
self-supporting. The schemes fell under the following heads:— 


(i) Joint Provincial or Local Government Schemes z These schemes were 
sponsored by the provincial governments 1n conjunction with or 
with financial aid from the defence services allotment. In the 
majority of cases costs were borne equally by the provincial 
governments and the army. 

(ii) Defence Services Schemes: These schemes were run by armies or 
commands with locally engaged personnel, by Remounts, 
Veterinary or Farms Department and by static units after obtain- 
ing due approval of the competent authority. 

(iii) Subsidised Schemes: In these schemes, the army assumed financial 
responsibility for the expansion or ‘improvement of the existing 
installations such as piggeries, and took over the output. 


In pursuance of these schemes the following institutions were set 
up:— 
(i) Poultry farms for eggs, chickens, ducks and pigeons for hospital 
dietary. 
(ii) Pig farms for fresh pork, bacon and ham sausages for certain classes 
Of troops. 
(iii) Rabbit farms for fresh rabbit meat for hospitals and troops. 


(iv) Vegetable gardens for fresh vegetables for Indian and British troops 
throughout the year. . 
(v) Dried and smoked fish industries. 
(vi) Goat breeding schemes, 
(vii) Cattle fattening schemes. 


Part of the necessary stock was purchased from private owners in the 
country while importations from the United Kingdom, the USA and 
Australia were made for the purpose of building up pedigree stocks of 
pigs, rabbits, etc. Equipment, such as incubators, was imported from 
the United Kingdom. By maintaining close liaison in all the stages 
of planning between the army authorities and the civil government, every 
effort was made to ensure that the land taken over in the furtherance of 
army development schemes did not encroach upon the production of 
indigenous food crops by private or local government cultivators’. 


3 Appendix V will convey some idea of the production under the various schemes. 


CHAPTER VII 
Nutritional and Other Problems of POW 


_ The need for the prevention of unnecessary suffering among the 
soldiers engaged in war had been recognised by most of the civilised 
nations of the world for a long time, and concerted efforts during the 
last few decades were made not only for the banning of inhuman methods 
of warfare but also for ameliorating the lot of soldiers who became 
POW. The governments of most countries had joined the International 
Convention of Geneva of 1929 relating to the treatment of POW which 
came into force in June 1931, the notable exception being Japan which 
had not ratified it before the outbreak of World War II. The 
convention deals, among others, with such matters as food and clothing 


of the POW, the hygiene of their camps and the intellectual and moral 
needs of the prisoners. 


India had to shoulder the responsibility for maintaining 70,928 
POW and internees during the last war of whom the great majority were 
the Italian soldiers. With the British surrender in Malaya and the fall 
of Burma in May 1942, nearly 152,000 persons fell into Japanese hands 
as POW and internees. Of these, nearly 70,000 were Indian and over 
52,000 British soldiers. The story of the medical care of the Allied POW 
in Japanese hands is one of extreme devotion to duty, great skill and 
praiseworthy improvisation. It will always remain an epic in the history 
of medical services. Many interned medical officers kept excellent 
records of the state of health of the troops under their care. Some of 
these have been published, and it is hoped that the remaining will 
eventually be published along with the accounts of the improvised blood 
transfusion service, the herbal gardens, the manufacture of instruments 
and artificial limbs. 


AXIS POW AND INTERNEES IN INDÍA 


The number of Axis POW and internees in India during World 
War II was 70,928 of whom 67,566 were Italians, 2,543 Japanese, 757 
Germans and 62 of other European nationalities such as Hungarians, 
Rumanians, etc. The Japanese prisoners were housed in the camps at 
Quetta and Bikaner and the Germans at Dehra Dun. With the excep- 
tion of the camp at Dehra Dun, which was started in January 1941, 
most of the camps were opened on 1 July 1941. The camps at Bangalore, 
Ramgarh and Dehra Dun, which housed some of the Italian prisoners, 
were closed in September and October 1944. The Italian camps at 
Yol (Kangra Valley) and Bhopal were wound up towards the end of 
March and December 1947 respectively. The Japanese camps at 
Bikaner and Quetta were closed in the middle of June 1946 and the 
Dehra Dun camps at the end of January 1946. Most of these camps 
were hurriedly constructed owing to the sudden arrival of a large number 
of prisoners. Epidemics of bowel diseases, such as enteric fever, dysentery 
and cholera, broke out in some of these camps in the initial stages but 
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were soon brought under control. These outbreaks were mostly due to 
the lack of adequate sanitation. With the improvement of sanitary 
condition, life passed uneventfully in these camps from the health point 
of view. A few cases of the effects of heat occurred amongst some 
Italian officers during the course of train journeys across India. 

The incoming prisoners had to be accommodated in hastily im- 
provised structures, such as huts or tents, with inadequate sanitary 
arrangements in the early stages. The Italian POW first arrived in 
India at the end of 1940, but during the early part of 1941 there was a 
great influx. In the absence of any previous preparation for their 
reception, the sanitary condition of the camps, hurriedly constructed, 
was far from satisfactory. In 1941, there were eight POW camps in 
India. Leaving out of consideration the Japanese camps at Quetta 
and Bikaner, the maximum accommodation available in the other camps 
and the number present in the month of September are shown below:— 


TABLE I. 


Number of Italian prisoners accommodated in POW camps in Indta—13 September 
941. 


> 


_— o 




















Capacity Strength 
POW camp , Po e A ——_—_— 
POW | Officers Other ranks 
Bangalore T T 24,000 | 3,498 18,325 
Bhopal .. gi oe 24,000 1,490 2,891 
Ramgarh 1 nii 12,000 | 2,340 9,020 
Clement Town (Dehra Dun) “3 12,000 15 1,928 
Yol (Kangra Valley) .. i 12,000 oa has 
Dehra Dun (General officers’ camp) ¿0 56 38 
Total 


84,000 | 7,487* | 32,326 * 








—— ere eee ee 


* Includes 88 officers and 124 other ranks admitted to hospitals in Bombay and Poona. 





Most of the prisoners were in an under-nourished and debilitated 
state and cases of enteric fever had occurred amongst them. They 
provided a ready ground for the outbreaks of enteric fever, which occurred 
in Bangalore and Ramgarh camps. 


In March 1941, 50 cases of beri-beri were detected among the 
prisonersin Ramgarh Gamp. They were treated with special diets including 
chicken, marmite (1 drachm, three times a day), germinating beans and 
peas. The more severe cases were treated with injections of vitamin B pre- 
parations such as vibex and berin, milder cases receiving vibex orally. 
Complete rest was enjoined. Cooks were asked not to cook vegetables 
for more than 20 to 30 minutes and brown bread made with atta was issued. 
twice a week, and peas and beans on alternate days. Marmite at the 
rate of ¢ oz. per person twice a week was allowed. These measures 
brought the disease under control and no further cases were recorded, 
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_ Italian POW: The Italian prisoners were placed on peace scale 
rations for British troops plus a cash allowance of 3} annas per head 
per day. This was equivalent to 4,000 calories. The working parties 
were allowed 4% annas per head per day. A number of Italian POW did 
not co-operate with the authorities of the prison camp in maintaining 
discipline, good order and welfare among the camp inmates. They 
were put on the non-cooperative scale of rations’. In October 1941, 
the daily quantity of meat was reduced from 1 lb. to 8 ozs., tea from 
5/7 oz. to 3/7 oz., milk from 1 pint to nil, and additional allowance of 
4 oz. of cooking oil and 1 oz. of jam was sanctioned. In January 
1944, the working parties of the Italian prisoners were placed on the 
field scale of rations for British troops and the messing allowance was 
withdrawn. In 1945, the world food shortage had become acute and 
India was threatened with famine. Prisoners’ rations were, therefore, 
reduced to bring them in conformity with the civilian scales having a 
calorie value of 2,900. Inthe early part of 1946, there was a serious 
shortage of cereals in India, and the cereal proportion of the rations of 
the POW was reduced and substituted by meat and vegetable rations 
and tinned herrings. It may be stated that prisoners could purchase 
many articles of food from the canteen provided in each camp. The 
German and other European POW or internees were provided with 
scale of diet similar to that of the Italian prisoners. 

Japanese POW: The first batch of Japanese prisoners was captured 
in early 1942. Special scales were sanctioned for them from time to 
time which provided a calorie value of 2,800. In the year 1943, a better 
and bigger scale which gave them 3,250 calories was devised, but in 
August 1945, when the original items of 1943 scale were difficult to 
supply, tinned and other substitutes were authorised”. By the end of 
1945, when famine conditions were threatening India, the Japanese 
prisoners ration scales had to be cut down to the minimum, non-workers 
getting 2,000 and workers 2,900 calories. 


ALLIED POW AND INTERNEES IN SOUTH-EAST ASIA 


Early in 1942, the number of Indian POW in Europe and North 
Africa did not exceed 2,000. Towards the summer their number 
rapidly increased, and by September it was estimated that there were 
some 12,500 Allied POW in the hands of the Italians or Germans, In 
February 1942, the British garrison in Malaya had to surrender, and 
large numbers of Indian and British soldiers became prisoners in Japanese 
hands as also civilians who were interned. o 

After the capitulation of the Indian and British troops In Malaya 
on 15 February 1942, the British POW were housed in Changi Camp on 
Singapore Island, nearly 16 miles from the city of Singapore. The 
Indian POW who were also on Singapore Island were accommodated 
in three camps, namely Nee Soon, Kranji and Seletar camps. The Kranji 


1 See Appendix 111, Table XLII. ea A , 
2 The le of rations for Japanese POW is given in Appendix IH, Table XLIV. 
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Camp wasabout 13 miles away from the city of Singapore on the 
Singapore-Johore road, and the Seletar Camp about six miles away. 
Some prisoners had the misfortune to be transferred to the camps situated 
in the various countries under Japanese occupation. Life almost 
everywhere was similar, and a fair idea of their living conditions will 
be obtained by considering the conditions under which the Indian and 


British prisoners lived on the island of Singapore. 


Living Conditions in Changi Camp: The camp was situated in the open 
country near the seacoast. During the first two years, the area in- 
cluded in the perimeter wire was spacious and allowed considerable 
movement, but in the last 18 months it was somewhat restricted. | Housing 
was inadequate throughout for the needs of the inmates and it became 
worst during the last 18 months of the camp. The peace-time civil 
prison was used for housing troops, and four men had to occupy a cell 
intended for one convict. This building with the peace-time capacity 
for 600 to 700 prisoners held 6,000 men at times. Owing to the lack of 
sufficient buildings, many prisoners had to be housed in huts made of 
leaves with mud floors. These were dark, damp and impossible to clean. 
Clothing was extremely scarce, especially towards the later period of the 
captivity. Men wore mostly a pair of shorts, worked whole day in this 
semi-nude state and became mahogany brown with sunburn. 


During the first year, owing to the shortage of water and latrine 
accommodation, about 80 per cent. of the personnel became victims of 
bacillary dysentery. The disease, after this, became endemic during the 
captivity period and outbreaks of epidemics flared up from time to time, 
Fortunately, the dysentery, which prevailed, was due to a mild Flexner 
infection and the mortality was low. In the last year, amoebic dysentery 
became increasingly common. The first two years were marked by- 
relative freedom from malaria but during the last 18 months nearly 70 
per cent. of the total population suffered from one or more attacks. 


Living Conditions in Indian POW Camps on Singapore Island: In the 
Nee Soon Camp some men were housed in permanent barracksand others 
in bungalows. The Seletar Camp consisted of semi-permanent huts of 
flimsy material. The Kranji Camp had a small and poorly equipped 
hospital. Dysentery became quite common towards the end of May 
1942 among the Indian troops, mainly due to bad sanitation and the 
prevalence of large number of flies. For the first three months, no one 
was allowed to go out of the camp nor were fresh vegetables supplied 
with the result that an epidemic of scurvy started about the early part of 
May. At that time the food situation also began to deteriorate. Men 
used to go out for work early in the morning and return late at night. 


As very little vegetable was supplied, the prisoners took to gardening 
asa result of the Grow More Vegetables Campaign initiated by the officers, 
and it was so successful that hardly any space was left uncultivated 
within the precincts of the barbed wire. So far as rations were 
concerned, the Japanese made no difference between officers and 
men, They supplied rice according to the number of bags and not by 
weight, and the rice bags were not allowed to be weighed. During the 
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last year, the rice bags supplied were 10 to 15 per cent. slack. Vegetables 
were supplied only in small quantities, and the supplies of common salt 
were so restricted that it became a great problem at times to get even 
small quantities. The supply of dried fish was irregular and not more 
than once or twice a week. From 1944 onwards, fuel was not supplied in 
sufficient quantities and quite often half-cooked food had to be eaten. 
During the years 1942-43, the quantity of ration supplied was enough 
to fill one’s stomach except for those doing hard fatigue. The Punjabi 
soldiers, who were unaccustomed to rice diet, complained at first of 


bloated feeling after meals followed after a few hours by hunger. 
Ultimately they got used to it. 


Deficiency of proteins and some vitamins in the diet was the main 
drawback. Deficiency of vitamin A was not experienced owing to the 
diet being supplemented with red palm oil, but the lack of supply of 
adequate quantities of vitamin B was a cause for serious anxiety. 
Vitamin C deficiency was prevalent only in the early part when no fresh 
vegetables were supplied and prisoners had not taken to vegetable 
growing. Vitamin D deficiency was hardly felt as the prisoners worked 
mostly bare-bodied in the sun. During the greater part of 1942, the 
quantity of rice supplied was inadequate and the diet had to be supple- 
mented with maida. Salt and sugar were always inadequate. In the 
last quarter of this year, frozen meat was occasionally supplied. 


The year 1943 was perhaps the best for the Indian POW from the 
dietary point of view. Fresh vegetables were supplied twice a week. 
The scale of rations for hard work allowed 700 g. of rice and the light 
scale 450 g. During the first three months of 1944, rice had to be 
supplemented with soya beans. After this, further reductions in the 
quantity of rice took place, and soya bean was replaced by maize flour. 
Fish and vegetables were supplied in nominal quantities only once a 
week. Owing to the prevailing inflation foodstuffs were difficult to 


purchase from outside, and the prisoners’ health consequently began to 
deteriorate. 


During the early part of 1945, the food situation became still more 
acute and the Japanese introduced three scales of diet: (i) hard, (1) light 
and (iii) no duty. In March, further cuts were made, and the rice 
supplied was 300 g., 250 g. and 200 g. respectively for the three newly 
introduced scales. Fish and vegetable became extremely scarce. 
Cooking oil was not available at times for as long as a month. ‘The 
year 1945 was on the whole a year of hunger, trials and tribulations. 
For most of the time, they suffered from the pangs of hunger and turned 
to all sorts of jungle growths and vegetation to satisfy it. This inevi- 
tably led to cases of food poisoning and even deaths. The prisoners 
put their maximum efforts in gardening as they found that their salvation 
lay init. Foodstuffs from outside were by this time beyond the prisoners 
means. 


With the collapse of Japanese resistance in the middle of August the 
dietary conditions underwent a sudden change. The scale of rations was 
unexpectedly increased and the quantities given could not be consumed. 
Fish, butter and cheese appeared from the cold storage in Singapore. With 
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the arrival of British paratroops at Changi, food supplies from Indian 
Red Cross Stores became available and the camps began to hum with 
new life. The sight of hundreds of soldiers moving about the camps 
with the help of sticks and crowding the medical inspection rooms, 
which was once so common, disappeared no sooner than men had a 
few hearty meals. A number of cases of indigestion occurred owing to 
overeating. Latent cases of beri-beri became suddenly bloated up 
with puffed faces and swollen ankles after the consumption of large 
quantities of carbohydrates. Luckily, vitamin B preparations were 
available on a liberal scale, and the situation was soon brought under 
control. 

Diet of POW: Detailed consideration of the rations supplied to the 
prisoners will now be made. It is based on the account, given by Burgess 
(1946), of the Changi Gamp and will probably be applicable to other 
POW camps. The Japanese scale of rations for the prisoners was as 
follows :— 


Taste IT 
Japanese scale of rations for Allied POW in Changi Camp. 


ae 





Items Quantity 
Rice a .. | 500 g. 
Flour ea T 50 g. 
Sugar i a 20 g. 
Meat or fish wi 50 g. 
Fresh vegetables T 100 g. 
Canned milk ds 15 g. 
Cooking fat T 5 g. 
Salt oF oe 10 g. 
Tea si 5g 


This scale was not maintained throughout, and there were serious 
deficiencies at times. For the first three years the daily issue of rice or 
some substitute was always more than 400 g. per man. In February 
1945, however, the first severe cut was made. Men on light duty, or 
those who were not working for the Japanese or employed on hard work 
in the camp itself, were allowed only 325 g. per man per day. This was 
followed by further reduction and, during the last months of the camp, 
rice was issued in daily quantities of 270 g., 225 g. and 180 g. for persons 
on heavy duty, light duty and no duty respectively. Almost all the rice 
supplied was highly milled. The second item inthe Japanese scale, 
bleached flour, lasted only for the first seven months and did not reappear. 
The third item, sugar, was maintained at about 20 g. level throughout 
the existence of the camp. The quantities of meat and fish issued varied 
considerably. Fish was supplied more often than meat. Fresh fish was 
usually in the form of numerous species of small fish which were exceed- 
ingly bony and from which relatively little nourishment could be obtained. 
The dried fish was in the form of dried sprats or partially dried and salted 
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mackerel or, much less frequently, larger dried fish whi 

not be identified. Fresh vegetables were ut supplied koa e pre 
few months, but thereafter sweet potatoes, yams, pumpkin and cucumber 
were available on a scale exceeding that laid down. Green leafy 
vegetables in quantity appeared later. Canned milk on the Japanese 
scale was supplied only for a little over two months. The last item 
cooking fat, in which was included red palm oil, was supplied in much 
more generous quantities than laid down in the scale, except for the 
first few months. The diet supplied by the Japanese was supplemented 
by various means throughout practically the whole period, although the 
supplements were, at times, very small. In the first six months or so 
canned goods, biscuits, etc., which had been brought into the camp by the 
troops, were issued by the supply depots on a regular scale, but the issues 
were so small that they were of relatively little value. 


OPERATION MASTIFF 


With the sudden collapse of Japan, large numbers of Allied POW 
and internees were liberated and became the responsibility of the libera- 
ting forces. Before the end of the war with Japan in August 1945, there 
were about 229 POW camps scattered overin various countries extending 
from Burma to Indo-China, the estimated number of inmates being 
about 122,970 as shown below:— 


TABLE 111 


Estimated number of Allied POW and tnternees in POW camps in various 
countries before the Fapanese surrender. 































Country | POW Civil Internees 

A 
Singapore Island oe 4 13,300 | 3,300 16,600 
Malaya Peninsula .. 4 4,940 | ki 4,940 
Burma sú ii 100 1,200 
lam ete 28,810 
French Indo-China 6,180 
Java 53,840 
Sumatra .. 9,400 

A 
Total 122,970 





The camps in the various countries were visited at first by medical 
officers, dropped by parachutes, and later by RAPWI medical teams, 
sent by sea; all the internees were medically examined and roughly 
categorised. Subsequently all the Indian, British and Australian troops 
were evacuated by the fastest means available and only the seriously ill, 
who could not be moved, were left behind in situ. Air transport, hospital 
ships, ambulance transports and the ship’s hospitals in troopships were 
all utilised for the evacuation of the sick, with the result that the patients 
were soon widely dispersed—some direct to the United Kingdom, many 
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to the hospital centres in Southern India, some to Rangoon, others to 
Colombo, while some were hospitalised in Singapore. The approximate 
number of the RAPWI in South-East Asia, following the Japanese 
capitulation, is shown in Table 1V. 


TABLE IV 


Approximate number of Allied POW and internees recovered in South-East Asia 
following the Japanese capitulation. 




















Country | Indian | British | Australian | Total 
Singa ore T 16,133 9,331 5,735 31,199 
Malaya ix a 3,614 7, f 3,614 
Burma .. Es 6 85 1 92 
Siam .. x 716 13,467 4,592 18,775 
French Indo-China .. 102 2,339 264 2,705 
Java + 39 2,175 1,112 3,326 
Sumatra x's 1,824 1,591 5 3,420 
Hong Kong e 2,501 3,432 12 5,945 

Total 24,935 | 32,420 | 11,721 | 69,076 





Figures for Andaman Islands, China ports and certain other small 
territories are not included inthe above table. Allied POW and internees 
liberated in Borneo were primarily an Australian responsibility, while 
those liberated in Japan, Formosa and Philippines were not a commit- 
ment of the SEAC. In addition, there were about 160,000 Dutch and 
15,000 others, thus bringing the total to the approximate figure of 244,000. 


In August 1945, signs of the early surrender of the Japanese forces 
began to be apparent. Information regarding the location of POW 
camps, the treatment meted out to them, and the conditions under which 
they were living had been collected from the guerillas and Japanese 
captured prisoners. It was realised that some time must elapse between 
the surrender of Japan and the establishment of contact by the victorious 
armies with the Allied POW and internees in various camps. The 
guerillas, who had some medical resources, were utilised in the first 
instance to contact the Allied POW and internees and render them such 
preliminary aid as they could. At the same time arrangements for 
further assistance by air-drop of medical supplies and personnel, special 
food and clothing were made. These operations were called ‘Mastiff A’. 
In the first instance, they were to cover camps in Malaya and Singapore 
but were ultimately to extend to such countries as Borneo, Sumatra, 
Java, Siam and French Indo-China. It was further planned to provide 
for the air maintenance of medical supplies, special food and clothing 
until all the Allied POW and internees had been recovered. This phase 
of the operation was known as ‘ Mastiff B’. ‘ Mastiff’ operations were 
under the general control of HQ ALFSEA, but owing to the vastness 


aad areas to be covered three sub-controls were established as 
ollows :— 
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(i) Sub-Control, Colombo: Covering Malaya, Singapore, Sumatra and 
Java with aircraft operating from Minneriya aerodrome in 
Ceylon and from Cocos Islands, 

(11) Sub-Control, Calcutta: Covering Eastern, Central and Southern 
Siam and French Indo-China with aircraft operating from 
aerodromes in Jessore. 

(iii) Sub-Control, Rangoon: Covering Western Siam and Eastern Burma 
with aircraft operating from the Mingaladon aerodrome. 


These operations commenced on 28 August 1945. The guerillas 
were given freedom to declare their presence and openly contact the 
Allied POW and internees in various camps. Leaflets were dropped 
from the air over all the camps telling the inmates that help was at hand, 
warning them against loose talk and advising them what to do until 
contact was established with them. Special foods were designed with 
the help of the DDH & Pof ALFSEA, DADN and supply and transport 
branches. It was anticipated that the digestive powers of the Allied 
POW and internees must have been seriously upset by their long 
internment. The operation ‘ Mastiff’ continued daily till 15 October 
1945, when it came to an end. In all, 135 emergency equipment sets 
and 61 nutrition packs were successfully dropped from aircraft over the 
camps. Each set contained adequate medical supplies for 500 RAPWI 
for a week. Throughout the operation, at least 13 medical teams, each 
consisting of a medical officer and a nursing orderly, were parachuted 
into Singapore, Malaya, Sumatra, Java and French Indo-China. 


THE HEALTH OF RAPWI 


Nearly all the RAPWI were in an under-nourished state as they had 
not only suffered from long continued starvation but their diets had, for 
long periods, been unbalanced. At times, frank avitaminosis was found, 
but more often the deficiency lesions seen were of multiple actiology. 
Most of the prisoners had suffered from malaria, dysentery and skin 
diseases. All these are considered in some detail later, but their mental 
condition, which was good beyond expectation, will be dealt with first. 


Mental Condition of the RAPWI: In the case of the POW released 
from German and Italian captivity in 1944-45, it was observed 
that many of them were suffering from psychological disorders. Apart 
from frank cases of illness, so many of them were mildly abnormal that 
the term ‘prisoner of war mentality’ came into being. The men 
concerned were anxious, irritable, tense, antagonistic to authority, im- 
patient of delays and resentful of help. Feelings of guilt were noticed 
in some. Observations showed that the mental health of the RAPWI 
in SEAC was unbelievably good and relatively even better than their 
physique. ‘This wasa great surprise and reports of examination at various 
places showed a remarkable degree of resemblance. 


The first released soldiers to be examined exhibited a group morale 
so good as to surprise early observers. They were found to be in excellent 
spirits, Their morale greatly amazed and stimulated the staff who came 
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in contact with them and compared favourably with that of the L of C 
troops. Eachman was greatly concerned with the welfare of his com- 
rades, in small matters as well as great, so much so that the prolonged 
absence of one member produced discomfort in the rest of the group, 
and exaggerated relief on his return. This group feeling was also shown 
by the way in which inevitable discomforts, which arose, were settled for 
the good of the majority. Suggestibility was generally increased. An 
example of this was noticed when, as a result of sudden impulse from one 
patient, the whole ward went off to buy an embarrassingly handsome 
dressing set for the sister-in-charge at a cost they could ill-afford from 
their meagre advances of pay. The loss of comrades was keenly felt. 
Contrasted with this was the callous attitude of ward orderlies to actual 
corpses and the grim jokes about the next to die. There is no doubt 
that this represented to some extent a mechanism of defence against the 
hard and uncertain conditions of life which had confronted them during 
captivity. In some instances, antagonism developed between groups, 
e.g., when one group of Europeans was considered to have given in too 
much to the Japanese. This feeling was aggravated after release. Every- 
where there was gratitude for the arrangements for reception on release 
and no resentment was expressed against any authority or criticism of 
those responsible for events leading to their capture. The prevailing 
mood was one of elation, mild over-activity and self-confidence, 
at times, amounting to over-confidence and disregard of real 
dangers. 


All the prisoners were ready to talk and some were even garrulous. 
They described ill-treatment, generally calmly and contemptuously, and 
were interested to know what had happened during their captivity. 
The mere sight of civilians, ships and docks meant a lot to them. Their 
attitude towards their captors was one of intense contempt, and ‘ not 
natural’, ‘not-civilised’ or ‘ just savage ? were the expressions often used 
in referring to them. As they expected nothing from their captors 
they suffered from no disappointments. Death was possible for them 
any day and this made them resigned to fate; there was little conflict 
and hardly any anxiety. All these factors contributed in no small measure 
to their mental stability. The men were at first shy and tongue-tied with 
the opposite sex and sensitive at being helped to dress or wash by the 
sisters of the hospital. 


The morale of the soldiers was higher than that of the civilians. 
The shock received by the Dutch prisoners and internees on account of 
the Indonesian rising, and consequent delay in their getting home, and 
the fact that they were not liberated by their own countrymen were 
responsible for a lower morale amongst them. In Bandoeng and Hong 
Kong the morale of the civilians was such as to demand excessive sympathy. 
The French in Indo-China were in excellent spirits. Individual morale 
was less high than group morale. Many showed anxiety over their own 
personal future regarding employment and health. Their constant 
remark was that they had found work to be their salvation and they had 
engaged themselves in work of any nature and had not been averse to 
even the hardest and dullest manual labour. 
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_Cases of frank psychological illness w 
captivity and the period following release. 
probably was that the potentially unstable had been weeded out by 
death. This was perhaps an example of the survival of the fittest. Some 
of those who died would have been potential psychoneurotics, if they 
had survived. There is also the significant fact that there were several 
men among the rescued who had developed psychoneurosis under stress 
in civil life and during their career in the army, but who did not do so 
In captivity. The theory of the survival of the fittest, therefore, seems 
to be only a partial explanation. A second factor was the extraordinarily 
high group morale. This played a far greater part in preventing psycho- 
logical disorders, and it is significant to note that even those who were 


previously neurotic remained stable until the group bonds began to 
weaken after their release. 


Physical State of the RAPWI: Prior to liberation, reports received from 
various sources had suggested that the health of the Allied POW and 
internees was very poor and would present a major problem. Although 
early reports received from the camps soon after VJ day confirmed these 
fears, yet almost all medical officers, who visited the camps, found the 
health of the inmates far better than was expected. The majority of 
the prisoners had suffered severely during captivity and the mortality 
rate had been high. All the survivors had been victims of repeated 
attacks of malaria and dietary deficiency. Many had severe dysentery. 
In spite of all this, their general health could not be said to be bad. 
Their nutritional state had also improved much during the weeks prece- 
ding the VJ day, as the Japanese had then begun to supply a more liberal 
scale of diet. As soon as the camps were liquidated, their inmates were 
put on suppressive mepacrine and liberal diets were provided. The 
mere fact of liberation acted as a tonic and did much to alleviate the 
ravages of imprisonment. 


As already pointed out, nearly all the RAPWI were under-nourished. 
Many were anaemic and sallow. It was, however, gratifying to note 
that only 50 per cent. required hospital treatment for three to seven 
days, and not more than 10 per cent. for ten days or more. All of them, 
however, needed some kind of medical treatment or the other. Nearly 
all the Indian and British POW passed through military hospitals, 
and so it was possible to make a fair assessment of their diseases. An 
appreciation, made as early as 2 September 1945, of the situation in 
Singapore showed that, of the 34,985 British POW, 76 per cent. were 
fit for immediate evacuation to the United Kingdom on convalescent 
diet by troopships or ambulance transport; 21 per cent. were fit for 
immediate evacuation by hospital ships, 3 per cent. required hospital 
treatment prior to evacuation and only 1'4 per cent. were dangerously ill. 


Relative Incidence of Various Diseases: Owing to the vagaries of 
evacuation, the true incidence of various diseases under captivity was 
almost impossible to estimate. Even the relative incidence of diseases 
following liberation was not easy to determine as preliminary examinations 
did not, in most cases, lead to definite diagnosis. For making an estimate 
of disease incidence, four sets of data deserve consideration: (i) diagnoses 


ere remarkably few during 
One of the reasons for this 
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of diseases among the prisoners in a large hospital, (ii) analysis of the 
diagnoses appearing on the nominal rolls of RAPWI evacuated by a 
hospital ship, (ili) study of the diseases of patients admitted to base 
hospitals after liberation, and (iv) analysis of the returns of hospitals 
through which the RAPWI passed. The main base hospital for RAPWI 
at Nakom Paton in Siam, which was situated about 34 miles west of 
Bangkok, had 3,951 patients at the time of liberation of whom 2,777 were 
ill and the remainder presumably convalescent or employed in the camp. 
The diagnoses of their diseases were as follows:— 


Medical cases 


Bacillary dysentery .. “a .. 1-0 per cent. 
Amoebic dysentery .. T .. 14:0 per cent. 
Chronic malaria i kai .. 190 per cent. 
Tuberculosis rà 2'0 per cent. 
Psychiatric disorders .. 1-0 per cent. 
Acute medical cases .. ka .. 50 per cent. 
General medical cases ho .. 34:0 per cent. 
Total medical cases .. 7 .. 76:0 per cent. 
Surgical cases 
Acute surgical cases us .. L5 per cent. 
Chronic surgical cases _ in .. 16°5 per cent. 
Amputations T ‘0 per cent. 
Total surgical cases .. gs .. 24'0 per cent. 


A different type of picture is presented by an analysis of the diagno- 
ses appearing on the nominal rolls of 2,300 RAPWI, evacuated by hospital 
ships from Singapore. These patients included Indian, British and Aust- 
ralian Army personnel and some civilian internees. Although the 
diagnoses in many cases were tentative, they give us a general idea of 
the relative incidence of the main diseases as shown below:— 


Malnutrition and beri-beri ie .. 40 per cent. 
Nutritional amblyopia 5 .. 2 per cent. 
Amoebiasis, diarrhoea and dysentery .. 8 per cent. 
Malaria T pa .. 8 per cent. 
Pulmonary tuberculosis El 4. 6 per cent. 
Ulcers of the skin (tropical ulcers) .. 4 per cent. 
Psychiatric disorders i ; .. 3 per cent. 
General medical cases T «. 16 per cent. 
General surgical cases .. e .. 13 per cent. 


A study of the condition of the patients admitted to base hospitals 
after liberation would probably give a more accurate picture of the 
incidence of diseases. Mitchell and Black (1946) made an analysis of 
1,230 patients admitted to 47 British General Hospital in Singapore 


between .9 September and 8 October 1945, with the following 
results.— 
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Diseases Actual | Percentage 
number 
Malnutrition e . 577 | 46-9 
‘Malaria de i 73 | 5-9 
Dysentery and diarrhoea q 87 y 7:1 
Surgical complaints .. a 82 | 6-7 
Other diseases a Bi 163 ! 13-3 
- Mild malnutrition .. En Si 6:6 
Unclassifiable sh añ | 167 13:6 
Total .. | 1,230 | 100-0 
| 


These patients had come mainly from the camps in Singapore, 
Sumatra, Java, Borneo, Sarawak and Bangkok. Of these, 86 per cent. 
were British Service men and civilians, the rest being Australian and 
Dutch. Women were only 1:6 per cent. A further analysis of 577 cases 
admitted for malnutrition showed that the outstanding lesions noticed 

















were as follows :— a 
Lesions Oedema- |Non-oedema-| Total | Percentage 
tous cases tous cases 

Amblyopia T .. 8 . 28 36 6°2 
Riboflavin deficiency Tr - 3 a 0:5 
Skin lesions Be ia 9 | 16 25 4'3 
Tongue lesions .. 4 51 ay 110 19-1 
Neurological lesions pi 88 64 152 26:3 
Other lesions .. Ti | 197 54 251 43°95 

Total .. | 353 | 994 577 | 100-0 





Analysis of the hospital returns of 6,484 British POW and internees, 
who passed through the hospitals in Rangoon during September 1943, 
shows the disease incidence as follows :— 


Number of 

cases 
Malnutrition ni su $ 57 
Beri-beri .. bo us J 20 
Anaemia .. sA se ax 88 
Diarrhoea and dysentery (non-amoebic) sx 60 
Amoebiasis .. =i Se a 74 
Infective hepatitis e ʻi ee 28 
Malaria T TE ha es 215 
Psychiatric disorders .. ři om 21 
Skin diseases de ss D 85 
Tuberculosis es sa ia 8 
General medical cases .. de Es 262 
General surgical cases .. ee “+ 204 





Total .. 1,122 (17 per cent.) 
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Manifestations of Malnutrition: Detailed consideration of some of 
the diseases found among the RAPWI revealed that malnutrition | occu- 
pied a predominant place in the causation of many. The conditions of 
sub-optimal nutrition noticed were, at times, associated with recognisable 
signs of well defined deficiency syndromes, and at others with none, ‘The 
general picture varied from simple wasting, with or without oedema, to 
extreme emaciation and inanition. In most of the cases, a history of 
frequent watery stools for two to three months was invariably available. 
Severe cases gave a history of having been in bed for two to three months 
and inability to assimilate liberal diet provided after liberation. Lethargy 
was generally present in most of the cases of malnutrition; their speech 
and movements were slow and voice weary. ‘They made no complaints 
regarding their food and showed no desire to eat or live. Their blood 
pressure was subnormal and pulse feeble. The skin in most cases was 
coarse, dry and wrinkled, and especially over the backs of hands, elbows, : 
knees, ankles and neck it was thickened and scaly. The mucosae were 
pale and the tongue small and red. 


Loss of Weight: Most of the RAPWI suffered loss of weight and 
in some cases it was excessive. Platt (1945) reported the case of a man 
whose weight had fallen from 224 lbs. to 126 lbs. ‘The average loss of 
weight, during internment, of the 14 severely ill but non-oedematous 
patients in 47 BGH was 40 lbs. per person. Weight improved rapidly 
under treatment, though oedematous patients at first lost weight as 
their oedema decreased. A study of 24 patients, who had been weighed 
shortly after liberation, showed an average gain in weight of 32 lbs. per 
man occurring in just over two months, the greatest individual gain 
during the period being 55 Ibs. 


Oedema: The oedema found varied from a little pitting over the 
dorsa of feet to massive oedema with multiple effusions into serous 
cavities. When patients were first sorted out, oedematous beri-beri was 
regarded as very common, but it was soon realised that this condition was, 
on the whole, rare as most of the cases of oedema showed little, if any, 
evidence of neuritis and no cardiac involvement. Mitchell reported 
the following findings in 577 cases of malnutrition :— 


(i) Of 224 non-oedematous patients, 73 (32-6 per cent.) had signs of 
peripheral neuritis. 


(i) Of 353 patients with oedema, 97 (27:5 per cent.) had signs of 
peripheral neuritis. 


There appeared to be no significant relationship between oedema 
and neuritis so as to suggest that oedema was associated with any parti- 
cular avitaminosis. While oedema was mainly postural, pre-tibial 
oedema was also present in some cases. Estimation of plasma protein 
in a number of cases showed some rough correlation between the amount 
of oedema present and the level of plasma protein. This agrees with the 
findings in other places though the correlation is not absolute, as some cases 
of oedema have normal plasma protein. In a majority of the cases seen 
in India, there was sufficient reduction in the albumin to account for 
oedema though sometimes results conflicted with clinical findings. 


NUTRITIONAL AND OTHER PROBLEMS OF POW 113 


Typical figures were: — 


ec Ads Sigpyin Total 
protein i i i 2 4-8 
(Grammes per 100 c.c.) sa io Re] 4-2 


Platt (1945) reviewing the oedema cases seen in Southern India stat- 
ed that almost every case ofnutritional oedemaamong 2,500 RAPWI had 
been labelled as beri-beri, though the oedema was not due to this cause 
when the patients arrived in India. He suggested that oedema due to 
thiamin deficiency would clear up rapidly on full diet and might have 
disappeared before the patients were seen. Observations, made in 49 
Indian General Hospital at Rangoon, confirmed the belief that cases of 
true wet beri-beri with cardiac involvement would recover rapidly on 
being treated with thiamin. 


Certain interesting features were noticed regarding oedema among 
the RAPWI. The first was the striking increase in the oedema of many 
RAPWI as soon as decent rations were available; in some cases oedema 
increased after admission to hospital. Platt (1945) suggested that, since 
fluid was not restricted during captivity, while salt was almost unobtain- 
able, the increase of oedema might be due to ingestion of salt in subjects 
predisposed to hypoproteinemia. It was also observed by camp medi- 
cal officers that a low salt diet decreased the oedema. The second 
feature was the increase of diarrhoea and oedema noticed when persons 
were transferred from Asian to European diet. Bomford suggested 
that this might be due to thiamin non-fat calorie ratio being upset. The 
third thing noticed was the frequent diminution or disappearance of 
oedema during attacks of diarrhoea, and in some cases the fluid intake 
appeared not to influence the oedema. Lastly, both increase and decrease 
of oedema were observed during the febrile period. In septic cases the 
presence of pus in large quantities increased the oedema. 


Oedema of the feet, which was a common finding, appeared to 
have no correlation to blood proteins in a number of cases, did not respond 
to intensive thiamin or vitamin B complex treatment, and persisted for 
some time on full diet. From the observations recorded, it may be 
concluded that the majority of patients showing considerable oedema 
were suffering from hypoproteinemia (starvation oedema). While 
lack of thiamin may have played a part, beri-beri did not appear to 
be the causative factor in most of the cases of oedema. The lack of 
correlation between plasma proteins and oedema noticed in some cases 
may have been due to associated deficiencies. It appears that the total 

albumin in the plasma is probably of more significance than total protein. 


Deficiency Syndromes: As might be expected, all forms of vitamin B 
deficiency syndromes were met with. No cases of sprue were seen during 
or after captivity and tetany did not occur. Scurvy was almost unknown 
except for the epidemic which occurred among the Indian troops in 
Malaya about the middle of 1942. Xerophthalmia was rare although 
cases of night-blindness were said to be common. Hyperkeratosis was 
seen by Platt (1945) and Mitchell. The latter analysed deficiency 
manifestations in his series of 577 cases of malnutrition with the results _ 
shown in Table V. 
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Tame V 
Deficiency manifestations seen in 577 cases of malnutrition in RAPWI, 








Associated manifestations 
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AA a 
Y e te 
Lesions wo | 6 E Vale O 2 2 a 13 
JE Sees) E BEE] 
Bs 13 5555 A 88) 2) 8 
o Roig Ra 
nS, | Ne Ll; pp seine | anana a a a 
Oedematous cases | | | | | | 
Retrobulbar seniti ; 8! 8 ¿Ae | 21 8 
Ariboflavinosis .. age! we ae ee oh ae 
Skin lesions 9; 9] 9 4. z | 4 
Tongue lesions. 51 | 45 | 9i 51| 3; 8) lj 1 
Signs of neuritis _ 88 | 78 | 11; 88; 26; 2/20; 5| 6: 2 
Malnutrition only 197 1145! . 50 8 | 4 
a” cases 
Retrobulbar neuritis .. | ..|21|.. Ll Dile 6 | 301 2. ¡| 
Ariboflavinosis .. 3 sak E AP A Bee | 2 
Skin lesions wo wla gl al al idan des 
Tongue lesions .. 29; 4; 6'59; 2 | 20 | 21 2 
Signs of neuritis a 3/64 |20| 4; 7 | GB) 2 |. 
Malnutrition only Ellas 113 | 2i 4 
Total ajaja 434 | 49, i 5 1133 | 5 | 9111 
| 


353 (434 | 49 |170 agg E 


Beri-beri : This disease was common, and many RAPWI had 
suffered from it during their captivity, Wet beri-beri, with cardiac 
enlargement, oedema and neuritic signs was not often seen and cases 
cleared up rapidly with thiamin injections by, the time they reached 
base hospitals. The clinical signs and symptoms of neuritic cases were 
those of peripheral neuritis affecting the sensory and motor nerves. After 
the capitulation of the British forces in Malaya in February 1942, it 
became apparent early that beri-beri would occur. Factors responsible 
for this are discussed fully at a later stage. In the Indian camps in 
Singapore Island, cases of beri-beri had occurred throughout from July 
1942 to September 1945. 


Pellagra and Ariboflavinosis : The incidence of true pellagra among 
the RAPWI was low, though it varied considerably from area to area. 
Only two or three cases were seen among 2,500 RAPWI in Southern 
India, but these patients had been on good diet for some time. Platt 
(1945) found a striking absence, both in the Indian and British patients 
treated in India, of the syndrome of sore tongue and chronic diarrhoea, 
which had been such a feature of nutritional disease among the Indian 
troops in South-East Asia. On the other hand, Mitchell found that 
tongue lesions of all forms were common among such men during the first 
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14 days in 47 BGH in Singapore, although they responded very rapidly 
to treatment. The manifestations of ariboflavinosis were transitory 
as a rule lasting from four to eight days. Angular stomatitis was the com- 
monest; next came magenta tongue; and cheilosis was less occasionally 
in evidence. In Java, Hawkesley (1945) found pellagra more common 
than he had expected. It was found more frequently than beri-beri 


in the hospitals of Batavia, though it was mild and confined to skin 
lesions and sore tongue. 


The Dutch physicians had observed that pellagra increased in the 
first week after improvement in diet, and Hawkesley (1945) suggested 
that this might be due to an increase in the carbohydrate intake without 
corresponding increase in the whole of vitamin B complex. Mitchell 
also recorded the development of signs and symptoms following improved 
diet. They occasionally appeared unexpectedly late, after a period of 
several weeks on adequate diet and vitamin therapy. A relapse often 
occurred following an intercurrent fever. 


Scrotal Dermatitis: Many of the released POW reported having 
had an affection of scrotal skin. This was at first believed to be a fungus 
infection, but was later recognised as a part of deficiency syndrome. It 
was common in Java as a severe itchy scrotal dermatitis. Mitchell 
reported that scrotal lesions were never met with alone but in conjunc- 
tion with hyperkeratosis and general scaliness of the skin. “The appea- 
rance varied with the presence of scrotal oedema. This condition was 
probably due to the deficiency of riboflavin, though in some cases it 
was found to respond well to nicotinic acid. 


Petechial Rashes: A peculiar syndrome unrelated to scurvy was 
seen by Mitchell in Singapore and by Chalmers in Colombo among the 
RAPWI. Similar cases were detected among the under-nourished 
Malays. This condition was noted in several types of malnutrition cases 
and attempts to find an association with other avitaminosis disorders 
failed. The rash appeared quite suddenly. The common situations 
were forearms, around the shoulders, the tibia and on the back just 
below the shoulders. It did not respond to large doses of ascorbic acid 
or nicotinic acid. The syndrome lasted from six to twelve days. In one 
case, fresh vegetables appeared to have improved the condition after 
ascorbic acid had failed, and it has been suggested that it may be due to 
the deficiency of vitamin P. 


Anaemia: Anaemia was not a serious problem. Among the POW 
seen in Rangoon it was uncommon. Gross anaemia, mainly secondary 
to malaria, was common in Thailand. Platt (1945) reported that many 
cases of macrocytic and dimorphic anaemia were seen among the Indians. 
Severe anaemia was rare among the British troops, though some casés 
of macrocytic anaemia were seen at times. In Colombo, among the 
BORs, the general picture was one of slight normocytic anaemia with an 
average of 75 per cent. haemoglobin and responding well to iron, but no 
macrocytic types were seen. Such anaemia, as was found among the 
RAPWI during transit, was usually attributable to malaria and ancylos- 
tomiasis and improved rapidly on the elimination of the primary 
condition. 
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TOBACCO AMBLYOPIA AMONG THE INDIAN POW 


During normal times, Indian troops in Malaya had generally kept 
good health. In captivity, about 8 per cent. of the avitaminosis cases 
developed tobacco amblyopia. In the year 1944-45, this figure went up 
to 37 per cent. All the affected persons were generally run down in 
health, as for over two years they had been on rations below the mainte- 
nance level. Balanced diet was unknown and vitamin deficiencies were 
universal. Nearly all the cases of tobacco amblyopia were confined to 
cigarette smokers with the exception of two cases, one of whom was a 
hooka smoker and the other had the habit of chewing tobacco. The ages 
of the affected persons varied from 21 to 53 years, although the great 
majority were between 30 and 45 years. The chief complaints were 
indistinctness of vision beyond 20 paces and fogginess in the sun. On 
cloudy days or after dusk, the vision was better. They were advised to 
give up smoking and were put on diets adequate in vitamins A, B, and 
riboflavin. Cases of specific vitamin deficiencies were given 10,150 I.U. 
of vitamin A, 1,200 I.U. of vitamin B, and 7°01 mg. of riboflvain 
respectively. Considerable improvement was noticed from this treatment 
which was, however, of no avail in those who did not give up smoking. 

Tobacco amblyopia did not occur in persons of robust health fed 
on a well balanced diet. Deterioration in general health and avitamino- 
sis, especially of vitamin B, deficiency, were considered to be important 
predisposing causes. Once the condition developed, total abstinence 
from tobacco was imperative for effecting cure. Records of 200 cases’ 
analysed by Sardana, who had an exceptional opportunity of seeing a 
considerable number of cases among the Indian POW during his three 
and a half years of captivity, give the following results:— 


97 cases showed signs of vitamin B, (thiamin) deficiency. 
35 cases showed signs of riboflavin deficiency. 
26 cases showed signs of vitamin A deficiency. 


42 cases showed no signs of vitamin deficiency but were in generally run 
down health. 


NUTRITIONAL NEUROPATHIES OBSERVED AMONGST RAPWI 


The internment of large numbers of Indian and European POW in 
the Japanese camps in the Far East on inadequate and unsuitable diets for 
long periods resulted in many clinical manifestations of malnutrition, 
including a number of neurological syndromes. The majority of these 
conditions were described previously but relatively little attention had 
been given to them with the exception of neuritic beri-beri. After the 
recapture of Rangoon in May 1945, most of the RAPWI were evacu- 
ated to India, and after the VJ day the India Command made 
arrangements for the reception and treatment of prisoners from Burma, 
Siam and Malaya in three hospital centres. Indian troops evacuated 
through Calcutta were sent to Dinapore, and the British troops to Ranchi. - 
The Indian and British troops evacuated via Madras were sent to Jalhalli 
near Bangalore for hospital treatment. The total number of sick RAPWI 
received into the base hospitals in India was 3,667 (2,070 Indian and 
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1,597 British) out of an estimated total of about 69,000. According to 


Denny-Brown (1947), the number of pati i 
disability wee ss ie mber of patients suffering from neurological 


Tate VI 


Residual neurological disability in patients from South-East Asia received 
in India—~August 1945 to September 1945. 


~*~ 











Diseases Indian British Total 
Number of patients received . . sic 2,070 1,597 3,667 
Peripheral neuritis e gi 68 42 110 
Retrobulbar neuritis$ 4 Y 56 129 185 
Spinal ataxia... T si 39 21 60 
Deafness Pe Ki pi 3 10 13 
Laryngeal palsy .. 5 T l 2 3 
Spastic paraplegia T a oie gl. 9 


These figures would probably be rather higher as some of the more 
seriously ill patients had been kept back in the hospitals in Rangoon and 
Singapore. POW recovered from Hong Kong, Japan and the Dutch 
East Indies were largely evacuated in other directions and not examined 
in India, but similar neurological conditions were reported amongst 
them (Clarke and Sneddon, 1946). Patients evacuated to India had 
already had special nutriments and large quantities of thiamin for one 
to three weeks before their arrival. Relief parties had been provided 
with ample stocks of these as it was anticipated that malnutrition on a 
large scale would be met with among the recovered personnel. Neurolo- 
gical conditions observed among the RAPWI after their release from 
captivity will be described first; those noted by camp doctors under 
conditions of captivity and not generally found among the patients 
repatriated to India are described later. 


Nutritional or Captivity Amblyopia: The nutritional or captivity 
amblyopia was the commonest residual neurological defect and was 
frequently associated with signs of spinal ataxia. Of the 60 cases of 
spinal ataxia observed by Denny-Brown (1947) only four showed no 
evidence of captivity amblyopia. In the majority of cases, the onset was 
insidious, vision in both the eyes gradually failing during the course of 
several weeks, though at times, it was sudden in onset. The degree 
of visual impairment was invariably bilateral and varied from slight 
mistiness of central vision to difficulties in counting fingers, but cases 
of complete blindness were extremely rare. The most common feature 
was the pallor of the temporal sides of optic discs. Amblyopia due 
to retrobulbar neuritis had been noticed during the course of nutritional 


3 The figures given for retrobulbar neuritis include those for ataxia, deafness, laryngeal 
palsy and e e except for four cases of ataxia, three of deafness and one of laryngeal palsy. 
The total number of cases with clear-cut neurological disorders was 303 after excluding the 
mild and recovered states and conditions of doubtful aetiology. 


t 
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surveys carried out in tropical countries, and was well known to the 
apanese who attributed it to beri-beri (Kagawa, 1938). Spillane and 
Scott (1945) had reported a series of cases of retrobulbar neuritis and 
ataxia amongst the German POW in the Middle East. Denny-Brown 
(1947) found 185 cases of retrobulbar neuritis among 3,667 patients, 
while Mitchell found it in 50 out of his series of 577 cases of malnutrition 
and noticed that it was four times more common among the non-oedema- 
tous than among the oedematous patients. 


The majority of the cases of captivity amblyopia impróved steadily , 
after liberation on full diet with injections of liver extract and vitamin 
supplements. Some mild cases had recovered while still in captivity, 
but in severe cases there was no improvement during the short periods 
they were in the hospital. Itis probable that the disease is due to some 
form of nutritional deficiency possibly related to vitamin B complex. 
This is suggested by its response to treatment and the distribution noted 
by Mitchell, but clear-cut evidence is not available. 


Spinal Ataxia, Nerve Deafness and Laryngeal Palsy: Spinal ataxia 
resembled the one found in sub-acute combined degeneration of the 
spinal cord and was of sensory origin and no cerebellar lesions could be 
demonstrated in any of the cases seen. The invariable finding was the 
impairment of the position sense in the feet and legs with a positive 
Romberg’s sign. It was manifested by unsteadiness in gait, which in 
slighter forms amounted to a faltering in turning quickly, and in a few 
severe cases caused gross irregularity in the placing of feet and instability 
of posture. A few cases of severe ataxia also suffered from bilateral nerve 
deafness and occasionally laryngeal palsy; the deafness was of gradual 
onset and was always accompanied by tinnitus but not by true vertigo. 
It was of the perception type with impairment of absolute bone conduc- 
tion; the tympanic membranes were normal and there was no evidence 
of middle-ear disease. The deafness appeared to be selective in frequen- 
cies, and a case is recorded of a sergeant, who was used in the POW camp 
to listen for the approach of aircraft, although his deafness for the human 
voice waŝ severe enough to make deaf-and-dumb sign language necessary. 
Laryngeal palsy was rarer than deafness, and the clinical manifestations 
were feebleness and hoarseness of voice; laryngoscopic examination show- 
ed impaired abduction and adduction of the vocal cords but no complete 
paralysis. Aphonia due to the weakness of the laryngeal muscles 
is well recognised in infantile beri-beri, but occurs as a rare symptom 
among adults. When it occurs, it appears to be a late phenomenon 
and clears up more slowly than other paralyses (Denny-Brown, 1947). 
From the few cases seen amongst the repatriated prisoners it is by no means 
clear whether their laryngeal paresis was due to beri-beri or not. In 
two of the three cases noted by Turner (1948) in Ranchi, there was no 
other clinical evidence of beri-beri. 


Spastic Paraplegia: Amongst the British POW admitted to the 
base hospital at Jalhalli were nine men with spastic paraparesis of a severe 
degree without any sensory impairment. All of them had come from 
the Changi Camp; later a few cases of the similar type were mentioned 
by Walters, Rossiter and Lehmann (1947) amongst the repatriated 
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Indian POW. In these patients there was great increase of extensor and 
adductor tones in the legs with spasticity and scissoring when they tried 
to walk. None of these patients showed any sensory impairment. 


NEUROLOGICAL SYNDROMES OBSERVED AMONG POW AND INTERNEES 
DURING CAPTIVITY 


The more common neurological synd 

yndromes, which were observed 
by the medical officers in the POW camps but which have not been dis- 
cussed above, fall into three groups :— 


(i) The very common condition of ‘ painful feet’, ‘burning feet’ 
or * happy feet ’. 


(i) The relatively rare conditions, Wernicke’s encephalopathy and 
pellagrous encephalopathy. 
(iii) A condition resembling myasthenia gravis. 


Painful Feet Syndrome : This occurred on a very large scale in all 
the POW camps under Japanese control. Page (1946) stated that 2,000 
men out of 7,000 imprisoned in a camp in the Hong Kong area suffered 
from it. Cruickshank (1946), Simpson (1946), Harrison (1946), Jackson 
(1946) and Whitfield (1947) have described this condition based on 
examination of cases in the camps in Singapore, Hong Kong and Java. 
Their descriptions are essentially similar. On account of the wide preva- 
lence of this condition the signs and symptoms met with will be briefly 
described. In the earliest stage, vague aching in the feet associated with 
tingling and relieved to some extent by moving the feet was experienced. 
This was followed by a constant burning pain which started in the balls 
of the toes and in the metatarsals and spread ultimately involving the 
whole foot. The pain was worst at night and relieved to some extent 
when the patient walked or put his feet in cold water. In some cases 
warm water gave more relief than cold. Pain was at times so severe as 
to make sleep almost impossible. In the later stages, shooting pains 
were added to burning sensation and there were sudden stabs of pain 
parallel to the toes and soles into the heels which spread through the 
ankle joints upwards to the shins and knees. 


Cruickshank (1946) states that there were no trophic lesions and no 
evidence of abnormality of peripheral arteries in his cases, but in a few 
cases he observed excessive sweating of the feet. Page (1946), however, 
noted redness and swelling of the feet and excessive sweating in many 
cases and stated that, in the later stages, there were definite circulatory 
changes with diminished pulsations of the posterior tibials and, in some 
cases, gangrene starting in the big toes and sometimes necessitating 
amputation. Graves (1946), commenting on the observations of Page 
(1946) suggested that the difference in circulatory changes was probably 
due to the fact that patients of Page (1946) were observed in Japan 
where low temperatures occur, while patients of Cruickshank (1946) 
and Simpson (1946) were in the warmer climates of Singapore and Java. 


Jackson (1946) bears this out by his observation that many men 
slept with their feet exposed to air temperature below freezing point or 
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immersed their feet in ice-chilled water in their effort to relieve the pain, 
and as a result developed gangrene. The general condition of the men 
deteriorated owing to pain and sleeplessness. ‘Painful feet’ syndrome 
started in camps some six months after captivity and shortly after the 
initial outbreaks of scrotal dermatitis and angular stomatitis, which were 
believed to be due to riboflavin deficiency. There was a sharp falling off 
of cases when Red Cross supplies arrived resulting in some improvement 
in diet. 

Cerebral Beri-beri (Wernickes Encephalopathy): ‘This disease was 
observed during captivity, and an account of 52 cases occurring in the 
Changi Camp in Singapore has been given by de Wardener and Lennox 
(1947). The commonest precipitating cause was a protracted attack of 
dysentery in the great majority of cases. In some cases, there was a 
history of chronic febrile illness, whereas others showed evidence of an 
unusually severe difficulty in adaptation to rice diet. Twenty-nine cases 
recovered under treatment with thiamin administered parenterally follow- 
ed by marmite in doses varying from 3 drachms to 3 ozs. a day together 
with Japanese tablets ofcompressed yeast of unknown potency. de Warde- 
ner and Lennox (1947) were of the opinion that thiamin deficiency is the 
essential factor in the causation ofencephalopathy. They suggested that 
Wernicke’s encephalopathy occurred only when there was an acute thia- 
min deficiency, while long enduring and less severe deficiency generally 
resulted in neuritic beri-beri. They also found that such cases occurred 
at the same time as cases of neuritic beri-beri. In fact, 79 per cent. of 
their series had signs of this as well as of encephalopathy. During the 
period, the vitamin B,/non-fat calorie ratio was below 0°3 mg. per 1,000. 
Cases of Wernicke’s encephalopathy and classical beri-beri preceded the 
appearance in the camp of other neurological symptoms and the muco- 
cutaneous lesions which at a later period were so common. ‘The excel- 
lent response to thiamin parenterally is much in favour of this hypothe- 
sis. It may, however, be pointed out that the patients received all the 
other elements of vitamin B complex in marmite and yeast cells with 
thiamin so thatan absolute case for a thiamin deficiency cannot be establish- 
ed, but the evidence produced by de Wardener and Lennox (1947) 1s the 
most complete yet published in favour of this hypothesis, though it remains 
possible that the mental changes, which in severe cases of encephalopathy 
improve much more slowly than other symptoms under treatment, may 
be related to the deficiency of some other component of vitamin B complex. 


Pellagrous Encephalopathy: Graves (1947) under the title of 
pellagrous encephalopathy has given an account of the onset of this 
condition in the Changi Camp based on 63 cases. They occurred 
between August and November 1942 with six deaths. In a number of 
cases there was mental disturbance in the early stages with intellectual 
dulling, depression and loss of emotional control. In the more severe 
cases spastic tetraparesis was noticed in the early part of illness. Severe 
cases, who recovered, were left with residual spastic paraparesis observed 
in those evacuated to India. In a number of patients the condition was 
comparatively less severe, resulting in a transient spasticity of the legs of 
fairly rapid onset with signs of pyramidal tract involvement; ultimately 
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complete recovery took place. Graves (1947) thought that the condition 
was due to the deficiency of some part of the Maca B complex. The 


patients were treated with available vitamin B preparation, but the course 
of the disease remained unaffected. 


Myasthenic Syndrome: The myasthenic syndrome was described by 
Graves [quoted by Denny-Brown (1947)] in some patients in Changi 
Camp in Singapore in August 1945. They developed drooping of eyelids 
towards the afternoon, transient diplopia and inability to hold up their 
heads. Injections of physostigmine, 1/100 grain, failed to have any 
effect. ‘These men were discovered to be supplementing their diets with 
tapioca flour. The condition rapidly improved when the daily protein 
intake was raised to 100 g. and thiamin was given. The nature of this 
myasthenic condition 1s obscure, but it is not myasthenia gravis as recovery 
in the patients mentioned was rapid and the cases referred to were not 
benefited by physostigmine. At the same time, it may be mentioned, 
there is no certain evidence of dietary deficiency as being the cause. 


RELATION OF DIET TO DISEASES OBSERVED UNDER CAPTIVITY 


With the exception of keratitis and palatal erythema which were 
also found among the prisoners, mention has been made of nearly all 
the diseases which appeared in the camps. It now remains to consider 
the relationship of diet to these various manifestations. A short account 
of the diet available in the POW camps has already been given in the 
earlier portions of the narrative. The scale of diet was not uniformly 
maintained throughout and there were serious deficiencies at times. In 
October 1942, the Red Cross supplies were brought into the Changi Camp, 
and it was possible to supplement the diet considerably for a period of two 
and a halfmonths. In June 1943, the diet was supplemented by purchas- 
ing foodstuffs from outside. The level of daily calorie intake in March 
and April 1942 was about 2,100; it increased slowly, and by August 1942 
had risen to 2,500 calories. From then onwards till the end of the third 
year of imprisonment, viz., February 1945, it was usually above the 2,500 
level. During the last six months of the camp life, 1t fell to 2,000 for 
heavy duty scale, 1,700 for light duty scale and 1,500 for no duty scale. 


Apart from the first few months and the last six months, the calorie 
intake was not grossly inadequate; the same might be said of the protein 
intake. The fat intake was low for the first few months but, thereafter, 
was usually above 50g. per day. The calcium and phosphorus intakes 
reached satisfactory levels owing to the dried fish, which was mostly 
in the form of sprats, and the green leafy vegetables in the diet. Part 
of the daily ration of cooking oil was red palm oil, and this together with 
the green leafy vegetables supplied a high vitamin A intake. Green leafy 
vegetables and root vegetables provided adequate quantities of vitamin C. 
The diet for long periods was inadequate or deficient in several components 
of vitamin B complex, particularly, vitamin B,, riboflavin and nicotinic 
acid. The position as assessed by estimating the food value of the diet 
might be summarised thus: For three out of the three and a half years 
of captivity, the energy intake was not grossly inadequate, but for the 
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greater part of the time there was an unbalance in vitamin B complex, 
In the last six months there was semi-starvation, with the unbalance, . 
especially of vitamin B, still persisting. 

The dietetic picture was not uniform but varied at times. One 
of the patients doing heavy manual work in Sumatra described his diet 
thus: rice 320 !to 400 g.; tapioca 70 to 100 g. daily; vegetables, variable 
consisting of jungle roots and leaves; fruits, usually green mangoes issued 
occasionally; meat, a cube about the size of a large lump of sugar issued 
every fifth or sixth day; and meat bones, boiled up for soup and finally 
ground up and eaten. The diet in a prison, holding British civilians 
in January and February 1944, consisted of 1 pint of hot water at 8 a.m. 
and ¿ pint of cooked rice with about a dessert-spoonful of curry sauce at 
11:30 a.m. and the same again at 6 p.m. The rice supplied was often 
rancid. 


Burgess (1946) prepared charts showing the incidence of beri-beri 
and other diseases in Changi Camp together with the relevant dietary 
factors. These are reproduced here, and most of the description given 
in respect of aetiological factors is based on his account of Deficiency 
Diseases in POW at Changi*. The monthly incidence of beri-beri per 1,000 
population as compared with estimated total calories and vitamin B, /non- 
fat calorie ratio of diet is shown in the chart on page 123. The daily 
intake of vitamin B, for the first two months was less than 0:4 mg. This . 
did not take into account the loss of vitamin in the preparation and cook- 
ing of food, which amounted to 25 per cent. Thus the daily vitamin B, 
intake was probably 0°3 mg. The vitamin B,/non-fat calorie ratio 
according to the food value table of Williams and Spies (1938) was less 
than 0'2 mg./1,000. The daily intake of vitamin B, and its ratio to the 
non-fat calories during March to December 1942 is given in Table VII. 


Cases of peripheral neuritis ascribed to beri-beri began to occur 
within a month from the date of the consumption of such diet, and it 
was noted that the early cases were generally confined to men addicted 
to alcohol, although neuritis appeared within six weeks among those with 
no such history. This outbreak of beri-beri neuritis came to an end in 
November 1942 as a result of dietary improvement, and the camp remain- 
ed comparatively free from beri-beri until May 1944. It was noticed 
in the early part of that year that the vitamin B,/non-fat calorie ratio 
had begun to fall as shown in Table VIII, and an outbreak of beri-beri 
was feared. 


In due course, beri-beri appeared and persisted until the dispersal 
of the camp in September 1945. This outbreak had two distinct phases. 
During the first phase, which lasted from May 1944 to March 1945, 
the outstanding feature was oedema and in a proportion of cases this was 
the only sign of beri-beri. The identity of the disease was based on clinical 
grounds confirmed by therapeutic use of the pure vitamin. The dietary 
picture lent further confirmation to the diagnosis. During the first phase 
the calorie value of diets lay between 2,400 to 2,600 and the protein intake 
was about 60 g, per day. The general picture presented by the inmates 


4 Details showing the daily issues of foodstuffs, Red Cross supplements and estimated 
food values of foodstuffs are given in Appendices VI to VIII. pe cid 
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still occurring which were probably beri-beri. It thus appears very 
likely that deficiency symptoms observed in the second phase were due 
to the combination of inadequate calorie and protein intake and unbalance 
of vitamin B,. Although cases occurred, in which the symptoms were 
due to one factor or the other, yet in the great majority both the factors 
operated in producing them. The whole position may be summarised 
thus: During the first three years, Vitamin B, deficiency manifested 
itself in the form of oedematous, cardiac and neuritic beri-beri, and 
occasionally as Wernicke’s encephalopathy, but during the last six months 


the picture was complicated by the appearance of famine oedema, al- 
though fresh cases of beri-beri continued to occur. 


Burgess (1946) estimated the vitamin B, content of diets, used 
during the period of captivity, from two food-value tables—those of 
Williams and Spies (1938) and of Platt (1945). The food values of 
Williams and Spies (1938) are lower than those of Platt (1945), because 
of the allowance made by the former for loss during preparation and 
cooking. Burgess (1946) followed the table of food values of Williams 
and Spies (1938) in anticipating or forecasting beri-beri outbreaks and 
held that estimates based on such data probably gave a low assessment of 
vitamin B, in the diet. Ifthe incidence of beri-beri was to be related to 
the vitamin B, intake as estimated from Platt’s table, it will be seen that: 
the disease appeared in about six weeks on a daily intake of 0°2 mg. per 
1,000 non-fat calories or a total intake of 0°39 mg., and that fresh cases 
ceased to occur when the daily intake rose to 0°5 mg. per 1,000 non-fat 
calories, which is equivalent to a total intake of 1:2 mg.; a further out- 
break started when the daily intake fell to 0°36 mg. per 1,000 non-fat 
calories or a total intake of 0:9 mg. 


In estimating the vitamin B, levels from the lower figures, i.e. of 
Williams and Spies (1938), it is noticed that the disease appeared in six 
weeks on a daily intake of 0:18 mg. per 1,000 non-fat calories; fresh 
cases ceased to occur when the intake reached 0:47 mg. per 1,000 non-fat 
calories; a further outbreak occurred when the intake dropped to 0-26 
mg.; fresh cases kept on occurring as long as the intake was 0°3 mg. and 
even when it reached the higher level of 0:33 mg. per 1,000 non-fat 
calories. 


From a consideration of these data, it would appear that the mini- 
mum intake of vitamin B, in a diet should be between 0°3 mg. to 0-4 
mg. per 1,000 non-fat calories to prevent the appearance of beri-beri. 
There are, however, individual variations in the requirement of vitamin 
B, for carbohydrate metabolism. Williams, Mason and Wilder (1943), 
‘on the evidence of induced deficiency, concluded that a minimum intake 
of 0°66 mg. of vitamin B, per 1,000 non-fat calories was essential for main- 
taining normal carbohydrate metabolism, and Burgess’s experience In 
Changi Camp seemed to confirm this view. 


For the study of diseases due to deficiency of vitamin B, complex, 
Burgess (1946) prepared a diagram, on which is based the chart on 
page 126, showing riboflavin and nicotinic acid intakes per 1,000 
calories and the monthly incidence of six diseases—retrobulbar neuritis, 
keratitis, pellagroid skin rash, scrotal dermatitis, aching feet and mouth 
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_ The clinical picture of the commoner conditions conformed in the 
main to the descriptions generally given. The keratitis met with was the 
same disease described by Metivier (1941) as * corneal epithelial dystro- 
phy’. The first evidence of the occurrence of diseases of this group 
appeared early in May 1942, two and a half months after capitulation, and 
one and a half months after the appearance of the first cases of beri-beri. 
Glossitis, angular stomatitis and scrotal dermatitis were the first to appear; 
the aching feet appeared next, nearly three months later, at the end of 
July 1942, or nearly five and a half months after surrender. Keratitis 
and retrobulbar neuritis appeared at the middle and end of August 1942, 
respectively. A tendency to follow this trend throughout was in evidence. 
In October and November 1942, the incidence of mouth conditions and 
scrotal dermatitis showed a sharp decline, but the decline in the incidence 
ofaching feet was slower and less definite. During this period the inci- 
dence curve of retrobulbar neuritis, instead of declining, rose steadily. 
In the subsequent increase of this group of diseases in January and Feb- 
ruary 1943, this order was again followed, though not so definitely. At 
this time there was a rapid increase in mouth conditions but less rapid 
in scrotal dermatitis. Aching feet and keratitis showed a slowly increas- 
ing incidence which, however, did not reach any height. In 1944, 
scrotal dermatitis again showed a rapidly rising incidence at the end of 
May, and mouth conditions showed a similar tendency at the commence- 
ment of June, but keratitis began to increase only in August. Aching 
feet were not much in evidence at that time, and though there was a rise 
in the incidence of retrobulbar neuritis, it began earlier and did not 
reach a high level. 

It appears that there is some evidence of relationship between 
these conditions as regards the beginning and end of outbreaks, and they 
appear to fall into three groups: (i) mouth conditions and scrotal 
dermatitis, (ii) keratitis and aching feet, and (iii) retrobulbar neuritis. 
Some features, however, do not fit completely in this picture, viz., the 
_ persistence of a high incidence of scrotal dermatitis in March and April 
1943 when mouth conditions were showing a sharp decline; the slowly 
rising incidence of retrobulbar neuritis in March or April 1944 before 
the appearance of other conditions; and the absence of a clear-cut out- 
break of aching feet at that time. The high incidence of scrotal dermatitis 
may have been due tothree factors—devitalised state of skin due to dietary 
deficiency and its susceptibility to bacterial action, the use of irritant 
soap or lack of facilities for cleaning. 

Outbreaks of pellagroid skin rash appeared twice during the out-. 
break of diseases just mentioned, but the largest outbreak began in the 
early months of 1945 when other deficiency conditions were almost 
absent. Reference to chart on page 126 shows that all these conditions, 
except pellagroid skin rash, were common when the riboflavin intake 
level was low and outbreaks came to an end when it reached high 
levels. On the other hand, only the pellagroid skin rash bore any 
relationship to the estimated nicotinic acid content of the diet, its 
appearance coinciding with a low intake of nicotinic acid, although 
this was not consistent throughout. The rash was mild and appeared 
almost entirely amongst those working in the sun. 
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Since some of the conditions observed were probably manifestations 
of riboflavin deficiency, the intake levels at which they appeared will be 
considered. On an estimated intake level of 0:21 mg. to 0:25 mg. per 
1,000 calories, symptoms were observed to appear in two and a half 
months in 1942, but during 1944 the symptoms appeared in about the same 
time on an intake of 0°33 mg. to 0:28 mg. per 1,000 calories. During the 
months of October, November and December 1942, although the estimated 
levels of riboflavin remained the same, it was noticed that there was 
a decline in the number of cases during the period. No satisfactory 
explanation can be given for this decline; probably this was due to the 
improved dietary position caused by the arrival of the Red Cross supplies 
into the camp about this time. In 1943, a fresh outbreak of keratitis 
accompanied by a rise in other conditions was noticed. At this time the 
riboflavin values of diet were higher than before. In August 1943, the 
Japanese were constructing a large aerodrome near the camp and labour 
was drawn from it. It is possible that working during the hot part of the 
day in blazing sun may have been in some way responsible for the rise. 


Sebrell, Butler, Wooley and Isbell (1941) produced induced 
deficiency disease, which appeared between the 89th and 232nd days on 
a riboflavin intake of 0°21 mg. per 1,000 calories. This was in line with 
the experience in the camp where disease developed in 80 days on an 
intake of 0:21 mg. to 0:25 mg. per 1,000 calories. Williams, Mason, 
Cusick and Wilder (1943) found no deficiency disease on an intake of 
0:35 mg. per 1,000 calories, but experience in the Ghangi Camp showed 
that the disease had persisted on this high level, although it had begun 
when the intake was lower, and on two occasions the outbreaks did not 
end until the intake level reached 0°5 mg. per 1,000 calories. It thus 
appears that 0:5 mg. per 1,000 calories may represent the level of adequate 
intake. 


A further interesting observation which has some bearing on this 
point may be mentioned. It was noticed in 1943 that a party of 7,000 
men had to go up-country for labour, and 25 per cent. of them were 
suffering from vitamin B, complex deficiency in one form or the other. 
They had to face conditions of starvation, disease and appalling hardship 
in the new place. Within two weeks of their departure, the minor 
manifestations of vitamin B, deficiency disappeared and were not noticed 
so long as conditions of hardship lasted. Little or no retrogression of retro- 
bulbar neuritis was noticed amongst the prisoners when they returned 
to their original camp at the end of nine months by which time nearly 
44 per cent. had already died. Deaths among the prisoners appear 
to be due to the great demands made by the Japanese for work. During 
this period, rapid loss of weight occurred and the calorie intake was 
between 1,200 and 2,000 per day. The diet consisted mostly of rice 
with hardly anything else and the riboflavin intake for long periods 
was about 0:2 mg. per 1,000 calories; in one camp it was as low as 0°15 
mg. per 1,000 calories for about a month. 


Burgess (1946) suggests that when a man is consuming his own 
tissues for providing energy for work his requirements for dietary riboflavin 
may be less. This hypothesis was put to test in Changi Camp where the 
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a peo E dep ga was watched amongst two groups of men: 
Men woki e ia EE a me fed and (ii) those on bare subsistence. 
an asart A : e and food stores would belong to the first group 
woni thus te cae to expect that they would remain hungry and 
ki tang tet od when ıt was within easy reach. On the other hand, 

n, who had to go out and labour all day on aerodrome construction, 
would fall within the second group. Comparing the incidence of scrotal 
dermatitis in these two groups in Changi Camp, it was noticed that it 
was 34 per cent. amongst men working in the kitchen and food stores 
as against 18 per cent. in those engaged on aerodrome construction. 
The men observed in each group ran into several hundreds, and although 
weights were unfortunately not recorded, the impression gained was that 
riboflavin deficiency was essentially a disease of men who were maintain- 
ing or gaining weight. The pellagroid skin rash, on the other hand, 
was mostly observed in emaciated men. It was noticed that the average 
weight in the case of some 60 men treated for skin rash was 102 lbs. as 
against 125 lbs. in a group of fit men during the same period. 

The relationship of diet to neurological conditions observed in the 
camp, other than neuritic beri-beri, is complicated. Similar conditions 
have been described in association with typical pellagroid skin rash and 
gastro-intestinal symptoms, but in the POW camp at Changi they had 
occurred without other evidences of pellagra. Pellagra, it appears, 
is a group of symptoms and signs of varied causation. The pellagroid 
skin rash, the glossitis and the alimentary and mental symptoms are 
believed to be due to nicotinic acid deficiency; cheilosis, angular 
stomatitis and scrotal dermatitis are due to riboflavin deficiency. When 
neurological conditions, such as retrobulbar neuritis, spinal ataxia and 
spastic paraplegia, occur in association with typical peliagra, they do 
not respond to treatment with nicotinic acid and riboflavin (Spillane, 
1947). Many writers had attributed these neurological syndromes to 
deficiencies of riboflavin in the diet, but hardly any of the well recogmised 
signs of riboflavin deficiency were visible among the RAPWI. ‘The occur- 
rence of such syndromes in pellagra varies considerably in frequency in 
different epidemics. Some of the medical officers of the prison camps 
were convinced that the addition of fresh eggs to diet, soon after the 
appearance of symptoms, had a significant effect in improving vision 
and gait. | 

Stannus (1911) drew attention to the association of nutritional 
amblyopia with pellagra, while Scott (1918) described an outbreak in 
Jamaica amongst the labourers who were living almost exclusively on 
sugar-cane. Moore (1930) described the condition in badly nourished 
school children in Nigeria, where it was often associated with muco- 
cutaneous lesions, though the two conditions could occur separately. 
He found that, if marmite was given in the early stages of visual impair- 
ment, improvement occurred, but if the condition was left untreated for 
six months or more, the process appeared to become irreversible. Landor 
and Pallister (1935) recorded similar visual disturbances _ associated 
with spinal ataxia in convicts in Malaya. Similar conditions were 
noted by Nicholls (1935) in Colombo and by Metivier (1941) in Trini- 
dad. Burgess (1946) in his survey of nutritional deficiency in Changi 
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Camp stated that nutritional amblyopia first appeared in August 1942, 
and there was a slowly rising incidence till May 1943, when new Cases 
dropped off fairly sharply, although occasienal ones continued to appear 
throughout the captivity. He found no correlation between the times 
of onset of this condition and that of beri-beri. Amblyopia started to 
occur shortly after the outbreaks of glossitis, angular stomatitis and scrotal 
dermatitis which were thought to be related to deficiency of riboflavin 
and also shortly after the outbreak of the ‘painful feet’ syndrome. The 
incidence of nutritional amblyopia, however, rose slowly after there had 
been a decline in the new cases of muco-cutaneous lesions, and from the 
estimations of riboflavin and nicotinic acid in the diets it is by no means 
clear that it was related specifically to lack of either of these components 


of vitamin B, complex. 


The condition resembles in many ways retrobulbar neuritis, 
and it is apparent from the type of field defect that the papillo-macular 
bundle is affected. These are two comparable conditions—the optic 
atrophy of addisonian anaemia and the ‘cage-monkey * disease described 
by Scherer (1940)—which in all probability are of nutritional origin. 
Visual failure due to optic atrophy, though rare in addisonian anaemia, 
may on occasions be the presenting symptom, and three cases were closely 
studied by Turner (1940); the peripheral fields were only slightly restric- 
ted, but centro-caecal or paracentral scotomata, similar to those in 
nutritional amblyopia, were present, while in all the three cases there 
were signs of sub-acute combined degeneration of the spinal cord. The 
response of the visual symptoms to intensive liver therapy was reasonably 
good, and there seems little doubt that the optic nerve changes were 
due to the deficiency of some factor (possibly of vitamin B, complex) 
present in the liver. It thus appears most likely that nutritional or 
captivity amblyopia was due to the absence of some factor in the diet 
under captivity which is present in liver. 


In general the onset of spinal ataxia was insidious and it usually 
developed later than amblyopia. A number of these patients had suffer- 
ed from ‘happy feet” syndrome and in a minority there had been foot- 
drop, but it was quite evident that ataxia could develop without foot-drop. 
Stannus (1911) and Scott (1918) had described ataxia in association with 
nutritional amblyopia, and Landor and Pallister (1935) described the 
condition in Malay convicts, in the jails of Singapore and Johore, who 
were on a diet of parboiled rice with some supplementary foods containing 
a sufficiency of vitamin A and thiamin. As there was no foot-drop and 
no muscular wasting in their cases, they considered the condition to be 
distinct from neuritic beri-beri. Many of their cases had angular stomati- 
tis and scrotal dermatitis, which cleared up well when these men were 
given yeast, but the neurological condition remained unaffected. Liver 
extracts, when given in the early stages, were found to result in some 
improvement in the ataxia, and it was due to this finding that repatriated 
POW were treated with liver extracts but no notable improvement could 
be noticed in them, because the cases had already been of long standing. 
Spillane (1947), who examined a number of men repatriated from the Far 
East, agreed that the condition was the same as he had found in the 
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German POW in Egypt. The physical signs pointed to the involve- 
ment of spinal cord with degeneration in the posterior columns and in 


es cases in the pyramidal tracts and possibly spino-thalamic tracts as 
well. 


There was a marked clinical resemblance to sub-acute combined 
degeneration of the spinal cord but there was never any evidence of 
macrocytic anaemia, and free hydrochloric acid was found in the gastric 
juice of cases in whom a test meal was done. Clinically also there were 
differences: the arms were only rarely involved in the captivity cases, 
the disease seemed to reach a certain stage and then became stationary, 
and amblyopia was an almost constant accompaniment, which are all 
unusual features in sub-acute combined degeneration. 


Deafness was a symptom rarer than amblyopia, and there are 
previous references to deafness associated with other nutritional neurolo- 
gical disturbances; Scott (1918) found it associated with ataxia and 
amblyopia; Grande and Peraita (1941) found it in malnourished civilians 
during the Spanish Civil War and ascribed it to a neuritis of the cochlear 
division of the auditory nerve. Spillane (1947) noted deafness in some 
of the Middle East cases. 


The factors underlying the causation of * painful feet” syndrome were 
somewhat as follows: The peak incidence of the disease was when the 
vitamin B, and non-fat calorie ratio was above 0°3 mg. per 1,000 calories 
which is the critical level for the appearance of beri-beri. Crystalline vita- 
min B, was found useless in treatment. Substances rich in vitamin B, 
complex, such as kachang hijau beans found in Malaya, cured the 
condition in four to six weeks and definite improvement occurred with 
marmite and rice polishings. Cruickshank (1946) found the most 
notable improvement when nicamide (diethylamide of nicotinic acid) 
was given intravenously in 1:7 c.c. doses daily for five to ten days. These 
results suggested that nicotinic acid deficiency might be the essential 
factor, but later, in the history of Changi Camp, when the nicotinic acid 
content of the diet again became low, there was no recurrence of the 
‘painful feet’ syndrome. At this period, however, there was adequate 
riboflavin in the diet, whereas when the ‘ painful feet” syndrome was 
common both nicotinic acid and riboflavin were deficient. Cruickshank 
(1946) suggested that a combined deficiency of both these substances 
might be the causative factor. 


This condition of ‘burning feet? was observed many years ago in 
Bengal and Burma, and was clearly distinguished from neuritic beri- 
beri by Malcolmson in 1835. Several descriptions of the condition in 
under-nourished people in Malaya and other tropical regions had appeared 
after these early accounts were published. Stannus (1936) classified it 
among the conditions which he calls larval pellagra. It had occurred 
amongst the Europeans in the Spanish Civil War (Peraita, 1946). 
Gopalan (1946) treated a group of malnourished persons in Southern 
India, who were suffering from this syndrome, with thiamin, nicotinic 
acid and riboflavin without effect. It, however, cleared up in four weeks 
when marmite was given in doses of 4 to 6 drachms twice daily, and in two 
to three weeks when calcium pantothenate was given by injection in 
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a dosage of 40 ing. daily. The condition seems to be quite distinct 
from the numbness of the feet which occurs in neuritic beri-beri, and in the 
majority of sufferers there are no objective signs of peripheral nerve 
involvement. 


The residual picture of uncomplicated spastic paraplegia observed 
among the POW was similar to lathyrism, which for a Jong time was 
regarded as a toxic effect of eating the lathyrus pea, but it seems 
certain that this pea was not included in the diet of the POW. Denny- 
Brown (1947) does not think that the lathyrus pea itself is the cause 
of lathyrism and suggests that it may act by neutralising the action 
of vitamin and thus produce a conditioned deficiency. It is possible 
that some deficiency of vitamin B, complex was responsible for this 
condition. | 


Woodruff (1942), after correlating the available data regarding 
associated conditions of the various diseases mentioned above, came to 
the conclusion that deficiency diseases observed in the Changi Camp 
could be divided into two groups: (1) beri-beri or vitamin B, deficiency 
group and (ii) the rest, i.e., the vitamin B, complex deficiency group. He 
pointed out that 49 per cent. of the cases of peripheral neuritis showed 
other evidences of beri-beri, while only 5 per cent. of the conditions in 
the second group showed an association with beri-beri. Out of 1,000 
cases of retrobulbar neuritis, 35 per cent. had keratitis, 20 per cent. 
* painful or aching feet” and 28 per cent. stomatitis and glossitis, while 
only 1 per cent. had beri-beri. Of the nearly 700 cases of ‘ painful 
feet’, 31 per cent. had retrobulbar neuritis, 29 per cent. keratitis 
and 24 per cent. scrotal dermatitis, while 7 per cent. had associated 
beri-beri. : 


There are obviously many problems as yet unsolved about the nutri- 
tional diseases discussed here, and it is still not known whether a deficiency 
of some part of vitamin B, complex or of some essential amino acid or of 
some unknown factor is involved. It is also not quite clear why particular 
parts of the nervous system are affected in some patients and different 
parts in others, and why on an apparently similar diet some men develop 
neurological disturbances while others escape them. The exact signi- 
ficance of the association of neurological syndromes with pellagra is not 
yet fully understood, though one must recognise that they may occur in 
association with that disease and indeed, at times, in association with 
beri-beri, probably due to multiple dietary deficiencies. Denny-Brown 
(1955) suggests thata likely causative factor, in the neurological condi- 
tions met with, may have been the lack of some unknown component of 
vitamin Bs complex, most probably caused by the general deficiency of 
fresh vegetables in the diet. Stannus (1944 and 1948) maintains that 
deficiency of riboflavin is probably the most important factor but suggests 
that deficiency of pantothenic acid and pyridoxine may also play a 
part. He thinks that the essential basis of neurological disturbances is 
a partial failure of cerebral metabolism and stresses that the parts of the 
nervous system with a high metabolic rate, amongst which the sensory 


system is predominant, are the most vulnerable to this upset of normal 
metabolism. 
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PREVENTIVE MEASURES ADOPTED 


_ The problem of preventing these diseases under conditions of 
captivity presented many difficulties. The diet allowed by the Japanese 
was deficient not only in vitamin B, but also in respect of the various 
components of vitamin B, complex. Prices of the foodstuffs became 
very high towards the later period of captivity and did not permit supple- 
mentation of the diet to any appreciable extent from outside. The hard 
work exacted by the Japanese was another factor aggravating the bad 
position created by an unbalanced diet. The occurrence of beri-beri 
was foreseen some time before it actually occurred but attempts to correct 
dietary defects by asking for extra foodstuffs, from the headquarters of 
the Imperial Japanese Army, proved futile. Although such foodstuffs 
were known to exist in Singapore in sufficient quantities, no success could. 
be obtained in persuading the Japanese to allow additional supplies. 


In these circumstances, it was obvious that the best possible use had 
to be made of the available foodstuffs, and this applied particularly to 
the use of rice which was the staple diet for the POW and internees. 
Some of the vitamin contents of rice can be lost by improper preparation 
and cooking. The ordinary highly milled rice, which was generally 
supplied in the camp, had about 0'5 Hg. of vitamin B, per g. The vitamin 
is present in the pericarp dust and in the fine layers of pericarp which may 
still remain adherent to the rice grain after milling; it is readily soluble in 
water and liable to be lost if the rice is washed and the washings sub- 
sequently discarded. Further loss can occur if the rice is cooked in 
excess of water and the rice water thrown away, as 15 generally done. 
Considering that at times the total daily intake of vitamin B, didnotexceed 
0-4 mg. and that half of it, i.e. 0°2 mg., was derived from rice, no Oppor- 
tunity was missed of impressing upon all concerned the importance of 
properly preparing and cooking the rice. 


A measure widely advocated for preventing beri-beri is the growing 
of yeast, but unless it is grown on a medium rich in vitamin B complex, 
it has little capacity to synthesise this vitamin. This was tried in the 
camp but proved of little value in clinical work. Its use as a prophylactic 
measure was also abandoned. For about 18 months, from November 
1942 to May 1944, the diet was maintained above the beri-beri level by 
pooling the incoming moncy and purchasing foodstuffs rich in vitamin 
B,, which were issued on a fixed scale. During the last year of captivity 
the prices of foodstuffs were unusually high and less money was available, 
so little could be done to supplement the diet. 


When the Japanese learnt of their country’s capitulation they 
offered as much rice as was wanted. ‘The consumption of large quantities 
would have led to a great unbalance, resulting in severe beri-beri, a + 
was decided to restrict the dally issue of rice to a level which wo 
not cause serious unbalance. | 

As some of the manifestations of vitamin B, complex deficiency 
were considered to be due to the deficiency of riboflavin, an i Fi 
made to raise the riboflavin value to the highest level. parce ta ie 
of riboflavin value available in the camp were old and somewhat inaccur 
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ate, they did indicate the importance of fresh green leaves and legumes. 
The following supplements of diet were adopted :— 


Rice polishings .. dy se 30g. 

Red palm oil .. “5 os WEE 
Green gram . 

Groundnut ji ya _. «. 100 g. in all, 
Soya bean 

Sprats or dried fish “a .. WE 


The diet value tables available in the camp as already pointed out 
were not accurate in some respects and they showed the riboflavin content 
of green gram (Phaseolus radiatus) to be high and that of soya bean low 
although the case was just the reverse. In view of the information 
available, green gram was always purchased in preference to other leg- 
umes. It was not until December 1943 that the riboflavin level of the diet 
reached any high level. In the beginning of this month, the Japanese 
had introduced 170 g. of soya bean in place of an equal amount of rice. 
The month of December wasalso marked by the cessation of the outbreak 
of diseases due to vitamin B, complex deficiency. 


For nearly the first two years, the Japanese did not allow proper 
cultivation of vegetable gardens in Changi Camp although the importance 
of green leafy vegetables in the prevention of sickness was impressed 
upon them. Attheend of the second year, the new Japanese comman- 
dant happened to be a more sympathetic and intelligent person. In 
no time the vegetable gardens grew up and they were responsible for 
much of the freedom from sickness noticed from September 1944 onwards 
until the close of the camp in August 1945. Fora greater part of this 
period, the riboflavin content of the diet was higher than before. 


Since no green leafy vegetables were available at the time of the 
greatest need, and legumes could not be had in sufficient quantities, 
it was decided at the beginning of 1943 to try the extraction of vitamins 
from some of the non-edible plants and grasses growing round the Changi 
Camp. Fortunately power was available, and the engineers could put 
up various ingenious devices for crushing leaves (so to break up their 
cellular structure) which were then macerated with water. The extract 
prepared was drunk by the inmates of the camp. So long as fresh and 
rapidly growing plants could be had, excellent results were obtained by 
drinking such extracts, but the area accessible to the prisoners soon got 
denuded of all such herbage. Coarse tropical grasses were then tried, 
but the extracts prepared were hardly of any benefit. 


It may be added that in September 1945 there were 2,250 cases 
under the care of Lieutenant-Colonel (now Lieutenant-General) B. 
Chaudhuri in the hospital in Nee Soon Camp including 600 suffering 
from beri-beri. In this hospital also most commendable efforts were 
made to keep poultry, to grow vegetables and about 2,500 papaya 
trees. Success had also been achieved in the production of small 
amounts of liver extract for parenteral as well as oral use. Crude 
injectable vitamin B group extracts were prepared from rice polishings 
and germinating lentils (moong dal) for oral administration. The supply, 
however, could hardly meet the demand. 
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APPENDIX 1 


A Note on the Assistance rendered by the Nutrition Research 
Laboratories, Coonoor, to the Armed Forces on Problems 


of Nutrition during World War II 
By 
S. RANGANATHAN, M. Sc., A.I.1.Sc., 


Chief Chemist, Nutrition Research Laboratories, Coonoor 


Within two months of the declaration of the war, enquiries were 
set afoot to find out the stocks in India of pure vitamins and preparations 
from vitamins. It was learnt that stocks of vitamin C and of vitamin A 
preparations (chiefly cod liver oil mainly imported from Norway, for 
which there was considerable demand) were very limited. The Director 
of the Nutrition Research Laboratories, Coonoor, volunteered the services 
of his organisation to fill up the lacuna. The army authorities gladly 
accepted the offer, and work was initiated on a modest beginning. With 
the appointment of the Director as Honorary Consultant in Nutrition to 
the Army, this association assumed larger proportions and advice was 
sought on all aspects of nutrition. The major items of work done by the 
Laboratories exclusively for the army are set out in the following pages. 


AMLA TABLETS 


Realising that the stocks of vitamin G in the country were none too 
plenty, the problem that was posed was either to synthesise pure vitamin 
C on an industrial scale or to prepare potent vitamin C preparations. ‘The 
cost of preparing a unit of vitamin G was worked out vis-a-vis a prepara- 
tion containing the same potency of vitamin C. The cost of preparation 
of the latter was found to be very much cheaper, and hence the Labora- 
tories were. commissioned with the task of preparing vitamin G prepara- 
tions. In coming to this decision, the authorities were partly induced 
by the possible non-availability of a number of chemicals needed for the 
synthesis of vitamin C. Attempts to synthesise vitamin C both at Lahore 
and at Madras did not make much headway. 


Various substances, rich in vitamin C, were tried for obtaining 
potent preparations but not one of them was reasonably stable even for 
a few weeks, the period that would inevitably be needed between manu- 
facture and issue to the army. But, amla (phyllanthus emblica, Linn) was 
found to be an exception in that it was not only the richest known natural 
source for vitamin C but that the vitamin remained fairly stable for some 
months. It was learnt through a questionnaire circulated to the Forest 
Department in Madras that amla was available in almost unlimited 
quantities as a minor forest produce in the districts of Nilgiris and Goim- 
batore. Though amia could be had in plenty in other districts too, 
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particularly Salem, the collection was restricted to Nilgiris and the neigh- 
bouring Coimbatore District. The hearty co-operation of the forest 
officers made the task easy in ensuring a steady supply during the months, 
December to April, when alone the fruits were available. The fruits were 
pulped; the pulp was dried in the sun on cement concrete floor, and the 
dry pulp was then ground to fine powder. The powder was sieved to 
remove any fibrous material and was finally punched into tablets. The 
tablet-making was done at the Madras Medical Store Depot. About 1,200 
lbs. of powder were manufactured during the season 1939-40 and they 
were punched into $g. tablets, each tablet guaranteed to contain at 
least 6 mg. of vitamin C. No excipient was used. The recommended 
dosage was four tablets a day. These tablets were vacuum packed in 
tins for ensuring greater stability of vitamin C in them. 


With the experience gathered both in the collection and manufac- 
ture of the tablets, the Laboratories were emboldened to commence 
production on an increased scale. The army authorities placed an 
order in 1940-41 for eight tons of tablets with a higher potency for vitamin 
C. Employing a mechanical drier, as used for the drying of tea leaves, 
it was possible to push up the potency of the amla powder from 12 mg. 
to about 30 mg./g. Laboratory investigations showed that prolonged 
drying at low temperatures was much more detrimental to vitamin C 
in amla than quick drying at high temperatures. By reducing the time 
taken to dry the amla pulp to about half an hour, it was possible to obtain 
powder having a potency of over 30 mg./g. Instead of the four tablets 
a day—the administration of which must have presented difficulties 
particularly as they were none too palatable—this potent powder was 
punched into 2 g. tablets guaranteed to contain 25 mg. of vitamin C. 


The year 1941-42 witnessed a still bigger order for the amla tablets. 
The Laboratories felt that they could not handle it but suggested placing 
the order with a commercial firm, who was already manufacturing 
dehydrated potatoes for the army. The Laboratories held themselves 
responsible for the proper manufacture of these tablets of stated potency. 
The Chief Chemist of the Laboratories stayed there to initiate the manu- 
facture on sound lines, but subsequently instructed the factory as to the 
methods to be followed in the manufacture. Random samples of batches 
of the manufactured powder were sent to the Laboratories, and only after 
their approval, it was made into tablets and vacuum packed. 


_ The Laboratories kept a track of the tablets for finding out the 
stability of vitamin G in them. The defence forces sent samples, stored 
in the Middle East and in the various centres of issue in India, to the 
Laboratories for test, and it was found thatstorage for about three months 
was not attended with serious deterioration of vitaminC potency. Storage 
for six months did lead to appreciable loss of vitamin C though the 
tablets still remained a rich source of this vitamin; however, they were 
not recommended for use beyond six months from the date of manufacture. 
The vitamin C in the tablet was relatively more stable than in the powder. 


_ Though vitamin C is relatively unstable, amla retained its vita- 
min for comparatively long periods. This was due to the presence of 
tannin which protected the vitamin C from such easy destruction. 
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Though this was an advantage, its presence rendered the tablets pala- 
table owing to its strong astringent taste. To improve its palatability 
sugar-coating and chocolate-coating were tried but not with much 
success. A commercial firm prepared lozenges containing amla powder. 
They were also not successful in either increasing the palatability or the 
keeping quality of amla powder. 


The manufacture of amla tablets was stopped in 1942-43 on account 


of the arrival from Ámerica of multivitamin tablets containing 25 mg. 
of pure vitamin C per tablet, 


DEHYDRATED VEGETABLES AND FRUITS 


Most vegetables contain 80 per cent. or more of water, and partly 
on this account they have poor keeping quality. Transport over long 
distances of vegetables containing so much water became a problem and 
the idea was, therefore, conceived that, if the water could be removed 
by mechanical dehydration, it could be reconstituted at the other end 
by soaking in boiling water to yield a product not very different from the 
parent one. Theoretically it appeared possible, but the practical 
difficulties that beset the problem were enormous. The blackening, poor 
reconstitution, loss of nutrients, etc., in the finished product were some of 
the obstacles that were encountered in the early stages of manufacture. 
Investigations in the Laboratories, assisted by the instructions issued by 
the Ministry of Food in England helped to surmount some of the diff- 
culties. However, it was found that most Indian vegetables did not lend 
themselves to satisfactory dehydration. Work was concentrated on 
potato and onion, for which there was considerable demand and they 
yielded reasonably good products. Potato dehydration was undertaken 
by many firms in India. One of them erected a factory at Mettupalaiyam, 
and the Laboratories offered technical advice on numerous occasions 
toit. This firm also manufactured dehydrated onions in its factory at 
Ranipet. The Ranipet factory too received technical advice often, 
not only in connection with the manufacture of dehydrated potato and 
onion but also in the manufacture on a small scale of dehydrated 
mango juice, pumpkins, ladies fingers, etc. 


The storage test and cooking qualities of dehydrated vegetables 
stored in tins for varying periods were investigated, and it was found that 
most dehydrated vegetables did not keep well. On opening the tins after 
even a month’s storage in an incubator maintained at 37° C (to stimulate 
the conditions obtaining in the plains), a musty unpleasant odour was 
emitted. The palatability of such stored dehydrated vegetables was 
extremely poor. Potato, however, was an exception. Potato (dehydrat- 
ed strictly according to instructions in the various stages of the process— 
slicing, blanching, sulphite treatment, drying at higher temperatures to 
begin with and slowly reducing the temperature of drying, storage for 
a short period in finishing bins, etc.) kept well even for two years and more. 
They cooked and reconstituted well. A panel of tasters, who were served 
potato slices, fresh and dehydrated, boiled in water containing enough 
salt, could not distinguish the one from the other. 
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Laboratory investigations on the cooking qualities of pre-cooked 
dehydrated vegetables, manufactured bya firm in Calcutta who develop- 
ed this process were undertaken. This process was particularly success- 
ful with cauliflower and slightly less so with cabbage. The idea behind 
the development of pre-cooked dehydrated vegetables was to enable the 
troops on the march to have a quick serving of vegetables. Boiled water, 
poured over the pre-cooked vegetables, renders them ready for serving. 
Attempts to prepare dehydrated cooked rice—parboiled and raw-—were 
not successful as the resulting product became tougher and needed boil- 
ing for a greater length of time. Quite a high percentage of the vitamin 
G of cabbage and cauliflower was retained in the pre-cooked dehydrated 
vegetable; in addition, losses on subsequent cooking were small. Losses 
in carotene content of vegetables during dehydration and on storage 
were investigated by Ranganathan (1942), Sekhon (1942) and De, 
Ranganathan and Sundararajan (1946). 


FOOD YEAST 


Another vitamin preparation, in which the Laboratories were 
associated with the army, was food yeast. The quantity of brewer’s 
yeast in the country was limited, while the demands of the army were 
steadily mounting. At the suggestion of the Scientific Adviser of the 
Ministry of Food in England, a pilot scale preparation of food yeast 
employing molasses, was undertaken. Preparation of yeast employing 
the saccharomyces strain gave low yields with relatively poor content of 
vitamin B complex, chiefly vitamin B,, nicotinic acid and riboflavin. 
Strains of Torula utilis were obtained from the Teddington Laboratories, 
England, and the manufacture of food yeast using molasses was under- 
taken. It was found that with proper aeration, fermentation of the sugars 
could be almost completed within eight to ten hours. The yield of 
yeast was good, but its vitamin content was somewhat on the low side 
as compared to brewer’s yeast. However, Torula yeast had one distinct 
advantage over the brewer’s yeast in that it was more palatable. A 
firm in Madras and another in Calcutta were commissioned to manu- 
facture on a large scale yeast extracts which could replace marmite, and 
the Laboratories were requested to make periodical analysis of random 
samples sent by the Inspectorate of Foodstuffs from the issue depots. 
In the initial stages of manufacture by a firm in Madras, the yeast extract 
was below the specification laid down by the Inspectorate of Foodstuffs, 
particularly in its nicotinic acid content. The specification was 400 
HMg.lg. The yeast extract manufactured by the firm in Calcutta 
contained the vitamins of the B-complex in excess of the army specifica- 
tions. Hundreds of analyses for thiamin, riboflavin and nicotinic acid 
were done for the Inspectorate of Foodstuffs. 


COD LIVER OIL SUBSTITUTE 
With the cutting off of the Norwegian supplies of cod liver oil, 


mostly used as a prophylactic against vitamin A deficiency, the Labora- 
tories were entrusted with the task of discovering alternative sources of 
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vitamin A. With the hearty co-operation of the Director of Fisheries 
Madras, numerous samples of fish liver oils were examined. The liver 
oils of the shark, especially of the hammer-headed shark and the saw- 
fish caught on the west coast of the Madras Presidency, were found to 
be richer in vitamin A than the imported cod liver oil. Sometimes, 
they were many times richer in vitamin A. The vitamin A content of 
the liver oil was roughly inversely proportional to the weight of the liver 
and hence the weight of the fish. Occasionally, a big size shark yielded 
an oil of very high potency. As the army and the civilian population 
had long been accustomed to cod liver oil, a suggestion was made by the 
Laboratories to blend the shark liver oils of varying vitamin A contents 
to a uniform vitamin A potency of 1,500 I.U./g. A higher figure than 
that contained in B.P. cod liver oil was suggested to make allowance 
for deterioration on storage. It was later felt that it would be a waste 
if high potency oils containing 20,000 1.U./g. or over were to be used for 
blending, and hence the original suggestion was modified to have a sepa- 
rate blending for high potency oils to attain a value of 10,000 to 12,000 
1.U./g. The latter was to be used for therapeutic purposes while the 
former essentially for prophylaxis. 


While untreated shark and saw-fish oils were richer in vitamins A 
and D, the blended oils were found to be relatively poor in vitamin D. 
The deficiency in vitamin D was made good by fortifying the blended 
oils with solutions of calciferol in groundnut oil. | 


HARD SCALE RATIONS 


A brief mention may be made of the role played by the Laboratories 
in devising ‘hard scale rations’ for paratroops and troops in siege. 
Nearly a year before the siege of Hong Kong, the Laboratories were 
consulted about evolving ‘ siege ration’ having a high calorie content. 
Recipes containing soya bean and groundnut, butter and sugar were 
actually tried in the Laboratories and advice later tendered. Likewise 
investigations were done to evolve the * hard scale rations’. The main 
object of these rations was a high calorie content and a low weight—about 
5,000 calories being furnished by 24 or 23 lbs. of the ration. 


In addition, the Laboratories were consulted often about the diet 
of the troops, the sporadic occurrence of deficiency diseases and the 
measures necessary to combat them, etc. 


FORTIFIED MARGARINE 


A large number of analyses of samples for the carotene content of 
fortified margarine was carried out on behalf of a manufacturing company 
of Bombay which was commissioned to prepare this product. The 
chief aim of the analysis was to serve asa check-up on the manufacture 
of this product intended to simulate genuine cow butter in vitamin A 
activity (560 I.U./oz.) 


Carotene concentrates, used in the fortification of hydrogena- 
ted fats, retained their vitamin A activity. Concentrates with a 
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potency of 75,000 to 80,000 I.U./g. were stored in well stoppered amber 
coloured bottles in an incubator maintained at 37° C and at room tempera- 
tures which ranged during the period of experimentation from 18° to 
93° C. The carotene contents of these samples estimated after eight 
months’ storage showed that there was practically no loss in potency, 


Complete destruction of vitamin A activity occurred when fortified 
margarine was used for cooking purpose, when ternperatures over 100° G 
were employed. It was, therefore, recommended that fortified margarine 
should be issued only to British troops and to others who would use it 
only as a bread-spread and not for cooking. 
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APPENDIX II 


Physical Standards for Recruitment in some of the Branches 
of the Indian Army 








WMA wees ie E Expand- o 
Arms of | Olásses of | has Height ed es 6 Weight 
service recruits TESEI A oe eer 

| Feet Inches | Inches | Lbs. 
Infantry 7 Sikhs 1939 | 5 — 6 344 | 122 
194] | 5 — 4 | 33 115 
| 1942 | 5 — 0 | 32 105 
: 1944 | 52 | 33 ¡10 
| Punjabi 19399 | 5 — 6 | 34 | 120 
| Mussulmans | 1941 | 5 — 4 ; 33 | 115 
1942 5 — 0 : 32 | 105 
| 1944 | 5 — 2 | 33 | «110 
| 
| Dogras | 1939 540 34 , 115 
| 1941 50 | 32 | 105 
| | 1942 | 5 — 0 | 32 | 105 
| | 1944 5 e. 1 | 32 | 100 
| | | | 
| Rajputs | 1939 | 5 — 6 33} | 115 
| 1941 | 5 — 2 | 33 : 110 
1942 | 5—0 | 32 ; 105 
| | 1944 | 5 — 2 y 33 | 110 
| Jats | 1939 | 5 — 6 | 33h 515 
| paa | 5 — 2 ¡ 33 | 110 
| 1942 5 — 0 | 32 | 105 
| | 1944 | 5 — 2 | 33 | HO 
| y 
Gurkhas 1939 § — 6 | 33 : 10 
1941 | 4 — 11 32 ¿105 
| 1942 | 4 — 11 | 32 | 100 
| 4 — Wt 32 | 100 
Mahrattas | 1989 | 5 — 4 | 338 ¡15 
1941 5 — 2 | 33 | 10 
i 1942 5 — 0 | 32 | 105 
1944 5 — 2 33, 110 
| 

Madras 1939 5 — 4 33} | 115 

classes 1941 5 — 2 33 110 

1942 5 <= 0 32 | 105 
1944 J = | 32 | 105 
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PHYSICAL STANDARDS FOR RECRUITMENT IN SOME OF THE 
BRANCHES OF THE INDIAN ARmy (CoNTD.) 


Classes of 
recrults 





A A A PP o a a a a m 


Punjabi 
Mussulmans 


| 

| 

| 
Rajputs 

Jats 

| 


Gurkhas 





Mahrattas 


Madras 
classes 


| 
| 
| 
| 
| 
! 
| 
| 
! 
| 
| 
| 
| 
| 
| 
| 


er nl TT nr eh A et i o o 





Vm i a a A a te ae 
t 


Year 


a | oa a A 


1944 


Feet Inches | Inches | Lbs. 


re | eee P arame | a 





pr rr 


Expand- 





Height ed (Weight 


chest 


= 





8 35 128 
6 34 120 
6 34 115 
6 34 | 115 
9 35 130 
6 34 120 
6 34 115 
6 34 115 
8 35 | 128 
6 | 34 120 
6 34 | 115 
6 | 34 | 115 
8 35 128 
6 34 120 
6 34 115 
6 34 115 
8 35 128 
6 34 ; 120 
6 | 34 | 115 
6 | 34 115 
8 | 35 128 
6 34 120 
6 34 115 
6 34 115 
8 35 128 
6 34 120 
6 34 115 
6 34 115 
8 35 128 
6 34 120 
6 34 115 
6 34 115 
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PHYSICAL STANDARDS FOR RECRUITMENT IN SOME OF THE 
BRANCHES OF THE INDIAN ARMY (CoNTD.) 


| 
| 








l | 
cI f | | i Expand- : 
asses of | | eight ed : Weight 
Arms of service recruits 3 wees i | chest | 
i tn i A K—K<ÉÁ 
| | Feet Inches Inches | Lbs. 
Indian Signal | | | | 
Corps | Sikhs _ 1939 | 5 — 6 344 | 122 
1941 | 5 — 4 33 | 115 
| y 1942 ; 5 — 0 32 , 105 
| | 1944 | 5 — 0 32 + 105 
| Punjabi | 19399 | 5 — 6 | 34 | 120 
| Mussulmans 1941 5 — 4 39 * 115 
1942 5 — 0 32 i 105 
1944 5 — 0 32 105 
Dogras | 199 | 5 — 44 | 34 | 115 
1941 | 5 — 0| 32 105 
1942 | a. | 100 
1944 | 5 — 0| 32 105 
Rajputs i939 | 5 — 6 334 | 115 
| pa 5—2 33. 110 
| 1942 | | .. | 100 
| Yt ' 5 — Ü | 32 105 
| | | 
| Jats 1989 | 5 — 6 | 334 © 115 
| | 1941 ' 5 — 2 33 | 110 
1942 | o. 1 100 
1944 1 5= 0] 82% | 40 
| 
Gurkhas | 1939 | 5 — 0 | 33 ; HO 
| | 1944 | 4 — Mi 32 | 105 
| | 1942 | 4 — Il) 32 | 100 
| 1944 4 — H| 32 ; 100 
{ 
| Mahrattas | 1939 5 — 4 | 337 | 15 
| | 1941 G s 2 33. | 110 
| 1949 .. | 100 
| 1944 | 5 — 0 32 | 105 
| 
Madras | 1939 5 — 4 | 33 | 115 
classes | 1941 5 — 2 | 33 | 110 
1942 ss | oe | 100 
| 1944 5 — 0 | 105 
| 


Oo + 
No 


E 


A a: 
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PHYSICAL STANDARDS FOR RECRUITMENT IN SOME OF THE 
BRANCHES OF THE INDIAN ARMY (CONTD.) 


Re er rt rr o e e 














Expand- 
Classes of Height ve ¿ | Weight 
Arms of recruits Year 
Service A A emsemrnwrrtmeneyeedil 
Feet Inches | Inches Lbs. 
Sappers and | Sikhs 1999 | 5 — 7 35 | 125 
— | 142 | § — 2 | 33 | 110 
1944 ! Baum Y 33 110 
Punjabi 1939 | 5 = 7 35 125 
Mussulmans 1941 | 5 — 1 32 p 
1942 S we P 33 
1944 | 5 — 2 33 110 
oe 1981 4 11 32 105 
1942 5 > 2 33 110 
1944 3 == 2 33 110 
Rajputs 1939 5 — 7 344 120 
1941 5 — 32 105 
1942 5B = B 33 110 
1944 = 2 33 110 
SP | ga 
1942 5 aa YD 33 110 
1944 A oee Y 33 | 110 
Gurkhas 1939 | 7 oi 
1941 | 4 — 11 32 
1942 | 5 — 2 33 | HO 
| 1944 | 5 — 2 33 | 10 
Mahrattas | 1939 5 — 4 334 rs 
1941 J = | 32. 
| 1942 i — > | 33 | 110 
| 1944 5—2 | 33 | 110 
| Madras 1939 5 — 4 | 334| I5 
classes 1941 5 e. I 7 ah 
fo p 
1944 5 — 2 33 | 110 


| 
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PHYSICAL STANDARDS FOR RECRUITMENT IN SOME OF THE 
BRANCHES OF THE INDIAN ArmY (CONTD.) 


a ep e e Ae A E feria ji 


f 








| | 
| Expand-! 
Classes of | Height . ed  - Weight 
Arms of service recruits Year chest | 
AA A 
| i Feet Inches | Inches | Lbs. 
Indian Army Sikhs | 1939 | ep | ‘x 
Ordnance Corps y 19414 | 5 — 2 32 : 110 
| 1949 | 5 — 0 32 | 105 
1944 5 a 0 39 105 
Punjabi | 1939 5 — 5 334 | 115 
Mussulmans | 1941 5 =e Y 32 110 
| 1942 5 — 0 | 32 105 
194 | 5 — 0 | 32 105 
| j 
Dogras | 1939 | _ | e 
| 1941 | 4 — 11 32 | 105 
| 1942 | 5 — 0 32 105 
| 1944 | 5 — 0 32 | 105 
| | 
| Rajputs 1939 | 5 — 5 33 | 112 
| 1941 5 — 2 32 | 110 
| 1942 | 5 — O 32. i 105 
| 1944 | 5 — 0 32 | 105 
| 
| Jats 1939 | 6 n 
|i | 5—2 39 | 110 
| | 1949 5 — 0 | 32 105 
| 1944 5 uw () | 32 105 
| 
| Gurkhas t 1939 | 
i 1941 4A — Iti S 105 
1942 4 — Hu: 32 100 
ee A Uj T I 
| Mahrattas | 1939 5 — 4 | 334 | 115 
| 194] 5 — 2 | 32 | 110 
| | 1942 5 — 0 32 | 105 
| 1944 5 — 0 32 | 105 
| 
i Í | 
l i 
Madras | 1939 AS š i pe 
classes | 1941 | 5 — 2 32 | 110 
| | 1942 5 — 0 32 105 
1944 | 5 — 0 32 | 105 
| | 
| 
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PHYsICAL STANDARDS FOR RECRUITMENT IN SOME OF THE 
BRANCHES OF THE INDIAN ARMY (CONTD.) 


A nn a a 
— aE A A am a 


| Expand- 
Classes of Height ed Weight 
Arms of service | recruits Year | chest 
| Feet Inches | Inches | Lbs. 
|] === 
RIASC (Drivers,: Sikhs 1939 5 — 6 | 33 | H5 
Mechanical ` ` 1941 ho. 4 | 38 | H0 
Transport) 1942 5 — 3 | 32 ¡ 105 
| 1944 | ho 3 | 32 105 
| Punjabi 1939 | 5 — 6 334 | 115 
! Mussulmans 1941 | 5 — 4  } 33 110 
| 1942 | 5 — 3 |. 32 105 
| 1944 | 5 — 3 į 32 105 
' Dogras į 1939 5 — 6 | 334 | 115 
| | 1941 | 5 — 4 10330 110 
| ] 1949 | 5 — 3 32 | 105 
| | 1944 , 5 — 3 | 32 | 105 
| | 
| Rajputs | 1939 | 5 — 6 | 334 | 115 
| | i941 | 5 — 4 33 110 
| | 1942 | 5 — 3 | 32 | 105 
| | 1944 | 5 — 3 : 32 105 
| Jats 19399 | 5 — 6 | 334 | 115 
i | 1941 | 5 — 4 | 33 | 110 
| | 1942 | 5 — 3 ¡ 32 | 105 
| | 1944 | 5 — 3 | 32 | 105 
| Gurkhas | 1939 | bh 6 334 115 
! | 1941 5 — 4 33 110 
| | 1942 5 — 3 32 105 
| | 1944 | 5 — 3 32 105 
| | 
| Mahrattas | 1939 | 5 — 6 333 115 
| 1941 | 5 — 4 33 110 
| | 1942 | 5 — 3 32 105 
| 1944 | 5 — 3 32 105 
| Madras 1939 5 — 6 334 115 
| classes 1941 5 —'4 33 110 
| 1942 5 — 3 32 105 
| 1944 5 — 8 32 105 
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Ration Scales 


TABLE J 


Standard daily scale of rations for Indian troops when in barracks, camps, 


travelling by rail or road or in military custody—Pre-war. 


o 





—— am moe me 








| | 
Articles | Scale | Substitute Bieri 
A ae 
le da | 2 ozs. | T | 
alt $ oz. g3 
Sugar 14 ozs T | 
Atta or rice | 14 Ibs | 
Dal : 3 ozs an 
Ghee | 2 ozs. | Meat (a) | 
| Milk tinned evaporated l 
| or 
| | Powdered milk | 
Firewood common ..: 3lbs. | Charcoal | lb, 
and coke 3 Ib. 
| Coal | 13 Ibs. 
| Oil kerosene, 2nd | 
| quality | 22 gallons 
Oil fuel, 2nd 
| quality Il ozs. 





A 


Notes: (a) When desired units may draw fresh meat from the RIASG in Heu 
of a proportion of the standard ghee ration. The meat may be either dressed 
or on hoof, male, female or a proportion of both. The standard ghee ration 
may be underdrawn to the extent of 1 oz. per man per day for this purpose, and 
fresh meat will be issued in lieu under the following conditions:— 


(i) The quantity of meat to be drawn will not exceed the value of 
the ghee underdrawn. The value of the meat will be calculated 
at RIASC contract rates or, if no contract exists, at local purchase 
rates. 


(ii) The value of the ghee underdrawn will be calculated at the rate 


published quarterly in India Army Orders in connection with the 
sliding scale of ration scheme. 


(iii) The total estimated quantity of meat to be thus obtained must 
be drawn by unit during the financial year. 


(iv) When meat on hoof is demanded, the skin offals become the 
property of the unit to dispose of as it pleases. 


(v) Units, whose caste or religious obligations are not satisfied by any 
but male goats, will demand meat on hoof under RIASC contract. 
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TaBe II 


Field service scale of rations for Indian troops. 


ee p p a EEL ÓN aa, 


A A ŇA 
ee i A e 


Articles 





Daily tssues 
Atta 
or 
Rice 
and 
Atta 
Dal 
Ghee 


Milk tinned, liquid, evaporated 


Onions 
Potatoes 


Vegetables fresh (other than 


onions or potatoes) 
Sugar 
Salt 
Tea 
Condiment powder 
Every alternate day 
Meat fresh (including bone) . 
On days when fresh meat is not issued 
Milk tinned, liquid, evaporated 
or 
Ghee 
and 
Atta or rice 
Weekly issues 
Cigarettes I. T. .. 
or 
Sugar 
Matches safety 
for smokers 
for non-smokers 
Thrice weekly issues .. 
Marmite 
Ascorbic acid tablets 
Fruit, fresh 
Citrus, except pumaloes 
or 


Non-citrus, sugarcane 
and pumaloes 
Fuel 


Oil kerosene, 2nd quality 
or 
Firewood 


-= g iee ana ama 


24 ozs. 
12 ozs. 


12 ozs. 
34 ozs. 
2% ozs. 
2 OZS. 
2 ozs. 
4 ozs. 


4 ozs. 
24 ozs. 


4 oz. 
$ oz. 
$ Oz. 


6 ozs. 


8 ozs. 
23 gallons 
2 lbs. 


AA A AA A AA 


| Scale 


Remarks 


Per oil cooker plus 25 1bs, 
firewood per unit, 
Per man per day when 


= oil | cookers are not used. 


APPENDIX 11 151 
Tame I] 


Special daily scale of rations for Indian troops and enrolled non-combatant personnel 
when tn barracks, camps or tn ed custody. 


| 


: OCA DENIA ae 
Articles ; Scale | Remarks 
Daily issues | 
Atta | 24 ozs. 
or 
Rice | 12 ozs 
and | 
Alta T so 1, Low 
Dal F o E Aoz. 
Ghee T 2 ozs. , 
Meat fresh (including bone) | 2ozs. | Or 6 ozs. every third day. 
Milk fresh as | 6 ozs.  ' 
Onions | 2 ozs 
Potatoes | 4 ozs. | 
Vegetables fresh | 6 ozs | 
Gur ; es | 24 ozs : Or sugar 2 ozs. 
Salt S e $ oz. | 
Tea at | 4 oz. 
Condiments (mixed) Sa | 2 oz. | 
Firewood À 3 Ibs. , For units up to 50 men—' 
| | 3 lbs, per man per day. 
; For units from 51 to 100 
| | men 24 lbs. per man per 
or . i day. 
For units from 101 men 
| or over—2 lbs. per man 
Kerosene oil, 2nd quality 24 gallons | Per oil cooker plus 25 


| | per day. 
lbs. firewood per unit. 


Thrice weekly issues on medical recom- : 


mendation 
Marmite O Y ; 
Ascorbic acid tablets „> | 25mg- | 


Fruit fresh ae i. | 4 ozs. 
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Taste IV 
Pre-war scale of rations—British troops. 
Articles Scale Substitute if any | Scale of 
substitute 
i 
Daily issues | | 
Bread... ae 16 ozs. | Te | a 
Beef | 16 ozs. | Mutton (a) | 16 ozs 
Flour... | 402s. | po | q 
Milk (b) .. | 16 ozs. ` | 
Sugar... | 24 ozs. | | 
Salt refined (c) | $02Z | 
Tea ae Š oZ. | e . 
Vegetables fresh 8 ozs | Peas dried (d) | 3 ozs 
or 
| Haricot beans | 3 ozs. 
Potatoes .. T 10 ozs. | si 
Onions (e) sa | 6 ozs. | iš 
Firewood split A 3 lbs. | Oil kerosene, 2nd | 
| | quality (f) | 2} gallons 
| or oil fuel, 2nd | 
! | quality (g) | 11 ozs. 
| or motor spirit (h) 1 gallon 
Ice (i) .. | | 
Marmite (j) | | 
Additional rations for Andamans | 
and Port Blair 
Jam q T 2 ozs. 
Sugar .. ` a 4 oz. 
Tea ik kai + oz. 


| 

Notes:(a) To be issued only when it is uneconomical to issue beef or it is 
undesirable to issue beef on political grounds. 

(b) For each enlisted boy. 

(c) Extra 4 oz. may be issued during hot weather. 

(d) Not more than twice weekly. 

(e) Potatoes may be purchased up to the value of 3 ozs. of onions if 
procurable. 

(£) Per oil cooker. 

(g) Per man per day when crude oil cookers are used. 

(h) Per cooker trailer per hour subject to a maximum of eleven 
hours burning per day, when cooker trailers constructed to use 
petrol are used by RAF during operations. 


(i) With ice box Without ice box 
In barracks 1 ib. 2 lbs. 
In camps 2 lbs. 3 Ibs. 


(j) On medical recommendation. 


Remarks : In addition to the above scale, British troops were entitled to 
messing allowance of annas six per man per day to supplement the rations 
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TABLE V 


Field service scale of rations for British troops. 





Articles 
Daily issues 

Bacon tinned 

or 

Eggs T 
Beans/peas dried 
Bread 
Curry pöwderibaking ponder 
Briquetted almonds and raisins 
Fruit fresh (citrus) 


Fish tinned 
or 
Eggs T bei 
Marmalade/golden syrup/jam 
Margarine (unfortified) 
or 
Butter 
Meat fresh 
Milk tinned 
Mustard 
Oatmeal 
Onions 
Hydrogenated oil 
Pepper 
Potatoes fresh... 
Rice 


| 
or | 
Fruit fresh (non-citrus) <u 
| 


Vegetables fresh 
Flour 


| 
j 
| 
| 
| 
Weekly issues 
Matches safety (for smokers) 
Matches safety ( for non- 
smokers) 
Tobacco 
or | 
Cigarettes .. | 
Paper toilet | 
To be issued on medical recommenda- 
tion 


Ascorbic acid tablet 
Marmite Ss 


Scale 





pd 
bop 

Q 

N 

n 


wH 
a) 
p 


2 boxes 


50 No. 
35 sheets | 


E 


Remarks 


153 
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medical recommendation. 


TABLE V— Contd. 
IA | 
Articles | e Scale | Remarks 
MEES PA RO: 
Cocoa or tea he | $ oz. 8 To meet y meal necia! lla fatigue or 
with | bad weather conditions. 
Sugar 
and | 
Milk tinned 
or | 
Rum (25°U.P.) isa 2 ozs. | To be issued in exceptional 
| circumstances when cocoa 
| | or tea is not available. 
F uel | | 
Oil kerosene, 2nd cet | 24 gallons Per oil cooker per day. 
or 
Firewood | 3 Ibs.  ¡; Per man per day when oil 
cookers are not used. 
Firewood (for hot baths) | 2 lbs. | Per man per week on 
| | 
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TABLE VIII 
Convalescent scale of rations for Indian troops. 
Articles Scale | Substitutes Scale 
A —— 
Daily issues 
Rice | 
and Átta 22 ozs 
Atta 
Del ed .. 
Milk fres si Milk tinned 6 ozs. 
Meat fresh (with bone Fish fresh 14 ozs. 
or 
Fish smoked with bone | 10 ozs. 
or 
Eggs 2 No, 
Cheese tinned Dah 3 ozs. 
or 
Liver/kidney 2 ozs. 
or 
Milk fresh 6 ozs. 
or 
Fish tinned (excluding 
sardines) | 2 ozs. 
Ghee (milk ghee) 
Onions fresh 
Potatoes 
Vegetables fresh (a) 
Gur... Sugar 24 ozs. 
Salt 
Tea... 
Condiment powder (b) 
Fresh fruit (c) 
Citrus 
or | 
Non-citrus 


Groundnuts unroasted 
(without shells) 
Firewood 


Weekly issues 


HS ki 


Cigarettes 


Matches safety 





On medical recommendation 


Compound vitamin 
tablet jè 1 No. 





Remarks: In addition a cash allowance of annas 8 per head per month will 
be paid for the local purchase of sweetmeatsor any other items according to taste. 
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Tame VILL-—Contd. 

Notes : 

(a) Out of 8 ozs. vegetables, 6 ozs. at least will be made up from the 
following varieties: cabbage, sag, palak, turnips, carrots, beans 
cluster, tomatoes and drumsticks. 

(b) Locally purchased condiments to equivalent value. 


(c) Tinned substitutes for items may be provided on scale of equivalents 
given in the basic scale of rations for Indian troops. Fresh fruits 
will, however, be provided whenever possible. 


(d) For smokers only. To be issued only in those areas where these 
articles are issued free to Indian troops. 


TABLE IX 


Convalescent scale of rations for British troops. 


et a ne A A er A ee ot — ee eK et tere 






Articles 


| 
Scale. Substitutes | Scale 
Daily issues | 
| 
Oatmeal io lo. | 
Bacon, tinned | 2ozs Sausages tinned | 35 ozs. 
| or A 
Fish fresh | 10 ozs. 
i ». | 1 No. 
Ba ee di 14 ozs. 
Butter .. en 2 ozs. | Margarine vitaminised 2 ozs 
Jam .. a l oz. | Marmalade | l oz. 
i or 
| Golden syrup | l oz. 
| > | 
i Jelly l oz. 
Meat fresh with bone ! l4 ozs. ` Fish fresh | 24 ozs. 
l or 
Poultry or rabbit 
Live weight 20 ozs. 
i Dressed weight 10 ozs. 
Liver/kidney i l$ ozs | Meat fresh with bone 2 ozs. 
Potatoes fresh | 10 ozs 
Onions fresh -. | 2025. į Onions spring green 3 ozs. 
Vegetables fresh (a) .. | 12025. | 
Oil cooking hydrogenat- | | 
ed .. | 14 0z5. | 
Rice À | 1 oz | eo rice l oz. 
o 
| | Cornflour 1 oz. 
Flour .. so + Low | 
Raisins T | $ oz. | Dried fruit $ oz. 
Baking powder sa | 30 oz. | 
Pepper in : we OZ. | 
Mustard 7 ¡100 oz. | 
Salt refined P | 4 oz. | 
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TABLE 1X—Contd. 








| 











Articles | Scale | Substitutes | Scale 
isa 3 ae | 
Tea .. ..  Boz. | Coffee | l} ozs. 
Sugar .. .. . S$ ozs. | | 
Milk fresh .. ; lOozs. | Milk tinned | 4 ozs. 
Cheese tinned .. : Loz. | Cream cheese | 1 oz. 
Fruit fresh citrus .. : 6025. | | 
Fruit fresh non-citrus ' 12 ozs. | | 
Cocoa powder .» > $o. | | 
Biscuit fancy . | Qozs. | 
Toilet paper .. | Sheets 
Firewood -. , 3 lbs. 
Thrice weekly issues | 
Vinegar (if available) ¡ yh oz 
Twice weekly issues l | 
Sauces (if available) | gis 02 | 
Chutney (Pickles) 8 gis Oz. | 
Weekly issues | 
Curry powder 4 oz. | 
Cigarettes (b) 50 No. | 
or 
Tobacco (b) 2 ozs. | 
Matches safety (b) | 2 boxes 
On medical recommendation | | 
Compound vitamin 
tablet np 1 No. | 
Notes : 


(a) Out of the 12 ozs. of vegetables, only 8 ozs. at least will be made up from 
the following varieties: cabbage, brussels, sprouts, cauliflower, spinach, 
green peas, carrots, turnips, parsnips, beans scarlet, beans runner 
and tomatoes. 

(b) For smokers only. To be issued only in those areas where these articles 
are issued free to British troops. 
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TABLE X 


Convalescent training scale of rations for Indian troops. 


A PP er te oe 
1 ees me me ST mma veat meea ts Mein mt 


i ; 


ET eee er nam mm a 


Articles | Scale | Substitutes | Scale 
Daily issues | 
Rice .. «> | 12 ozs, | 
and | Atta ' 24 ozs. 
Atta z= 12 ozs. 
Dal... | 3j0zs. ' 
Milk fresh «.  l6ozs. | Milk tinned 6023. 
Meat fresh (with bone) 8 ozs. | Fresh fish - 14 ozs. 
H or y 
| | Fish smoked with bone 10 ozs. - 
or 
Eggs ¡2 No. 
Cheese tinned .. © loz. ~ Dahi , 30z8 
0 or | 
Liver/kidney ' 20%5 
| or 
ʻ Milk fresh , 6 ozs. 
| or 
| Fish tinned (excluding ` 
| | sardines) : 2 ozs. 
Ghee (milk ghee) | 2% ozs. | 
Onions fresh ‘ | 2 ozs. i i 
Potatoes ad 3 ozs. | Í 
Vegetables fresh (a) .. | 8 ozs. | 
ur .. | 3028. | Sugar y 2} ozs. 
Salt i | $ oz. | 
Tea .. ae | Yoz. | 
Condiment powder .. oz. | (b) 
Fruit fresh (c) | | Fruit tinned | 44 ozs. 
Citrus : | 6 ozs. | 
or | 0 
Non-citrus 12 ozs | i 
Groundnuts (without | 
shells) ae loz | | 
On medical recommendation | 
Compound vitamins} | | 
tablet 1 No. | | 


| | 
| | | 


A o e 





Notes : 

(a) Out of 8 ozs. vegetables at least 6 02s. will be from the following varieties: 
cabbage, sag, palak, turnips, carrots, beans cluster, tomatoes and 
drumsticks. 


(b) Locally purchased condiments of equivalent value. 


(c) Tinned substitutes for items may be provided on scale of equivalents given 
in the basic scale of rations for Indian troops. Fresh fruits will, however, 
be provided whenever possible. 


ies akties NS — ete et 
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TABLE XI 


Convalescent training scale of rations for British troops. 














Articles Scale | Standard | Scale ¡ Alternative | Scale 
| substitutes | ic A | substitutes 
Daily issues t DI E 
Oatmeal .. 1 oz. | Baked beans | 4 ozs. | Indian corn 
| | or cob 8 ozs. 
Bacon tinned 2 ozs. e tinned , 3} ozs. | Fish fresh 10 ozs. 
| 


| 





| 
| Herrings tinned | 34 ozs. 


Sardine tinned | 1% ozs. 








| | 
Other fish tin- | 
ned 24 ozs. 
Egg .- | 1 No. | Milk tinned 2 ozs. | Milk fresh 5 ozs. 
Bread .- | 14 ozs. 
Butter ve | 2025, | Margarine 2 ozs, 
Jam .. | loz. | Marmalade l oz. 
i or | 
Golden syrup l oz. | 
or | | 
¡ Honey l oz. : | 
Meat (a) .. | 14 ozs. | Fish fresh | 24 ozs. | | 
or i 
Poultry/rabbit | | | 
Live weight | 20 ozs. | 
Dressed weight, 10 ozs. | 
Liver/kidney 14 ozs. | Meat fresh | 2 ozs. 
Potatoes  .. | 12 ozs. | | 
Onions 2 ozs. | 
Fresh ve getables | | 
(b) 12 ozs. | Vegetables tinned! 6 ozs. | 
Oil cooking | 
E i ozs. | | 
l oz. | Ground rice i 1 oz. | 
| or | : 
| Cornflour | Loz. | 
or | 
o Flour | loz. 
Raisins $ oz. | Dried fruit | $ 0z. 
| Fruit tinned ' loz. 
Baking powder s0 OZ, l 
Pepper JE: 15 OZ. 
Mustard .. ‘Too OZ. | 
Salt refined .. | 4 oz. | 
Tea e] $ oz. | Coffee | 14 ozs 
Sugar ++ | 34 ozs. | | 
Milk fresh .. | 10 ozs. | Milk tinned | 4 ozs | 
_Cheese tinned | loz. | Cheese cream 1 oz. | 
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| | 
Articles | Scale | Standard | Scale : Alternative | Scale 
DOE substitutes  : i substitutes 
eo ee ef a eee a ee Renin y Sa a A pto rr UI, a 
Fruit fresh (c) | | Fruit tinned 4} ozs, | 
Citrus .. | Gozs, | 
Non-citrus i 12 ozs | | 
Biscuits fancy | 2 ozs 
Cocoa powder | ¿oz 
Flour . | loz | 
Thrice weekly issue | | 
Vinegar (if i | 
available) |y} oz. | | 
Twice weekly issue ' i 
Sauce Gi | | 
available) | gi; oz. ; | 
Chutney|pickle | gh; oz. | 
Weekly issues 
Curry powder 702. y 
On medical recom- 
mendation | 
Compound vita- | 
~ min tablet A 1No. | | ft. | 
Notes : 


(a) Meat as in basic scale of rations for British troops. 


(b) Out of 12 ozs. of vegetables at least 8 ozs. will be made up from the follow- 
ing varieties: cabbage, brussel, sprouts, cauliflower, spinach, green peas, 
carrots, turnips, parsnips, beans scarlet, beans runner and tomatoes. 


(c) Fresh fruits will be provided whenever possible. 
TABLE XII 
Emergency ration—Special pack—Suitable for Indian or British troops. 
| Quantity (No.) 


Vitaminised chocolate ‘5 T 2 
Fruit or nut en ia 


Articles 





2 
Caramels 7 
Prune blocks oa se 2 
Sugar tablets .. “t TE 4 
Tea tablets #3 FoR. 5 
Salt tablets 5 


Remarks : nin 
Size =5F x 4)" x ig 
Gross weight == 17} ozs. 
Calorie value = 1,400 approximately. 
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TABLE XIII 
24-hour ration—Special pack. 


a a a oS » | 








Articles i Quantity 

Shakarpara biscuits (8) us be | 8 ozs 
Cheese (1 tin) .. Ky r 4 ozs 
Chocolate (1 slab) + T 2 ozs. 
Sardines (1 tin) e wit | 3} ozs 
Sugar (1 bag) ..* T we | 9 OZS. 
Milk powder (1 bag) ie 1 l oz. 
Tea (1 bag) 2 oz 

Salt (1 packet) .. 2 oz 


a Nl 
EE r ENO ce a t r a a 


Remarks : 
Master pack: 12 individual rations in a 4-gallon kerosene oil type tin 
Gross weight : 26 Ibs. 4 ozs. 
Individual pack : 
Size: 62" x 5’ x 28. 
Gross weight : 32 ozs, 
Calorie value: 2,700 approximately, 
The following are issued separately per man per day :— 
Cigarettes (No.) 15 
Matches (box) 4 
Tommy cookers are issued separately at a scale of one per 48 hours. 
Self-heating soup may also be issued separately, when considered necessary, 
at a scale of one tin for each man before landing and a further tin on return 
journey. 


TABLE XIV 


Eight scale ration. 


et e e a NE pe g a e 





erty et rt hip A ep ee ee IN a ree 


Articles | Quantity 





Remarks 

Shakarpara biscuits .. T 12 ozs. In three packets of four 
l—oz. biscuits. 

Cheese T T TE 2 ozs. In 4-oz. tins. 

Dried fruit (briquetted almonds 

and raisins) ʻa T 9 ozs. In 9-oz. slabs. 

Milk powder = ae 1 oz. In packets. 

Sugar ax <2 > 5 ozs. (a)} In cloth bag. 

Salt refined .. : ee | $ oz. In packets. 

Tea ee | 4 oz. In 3 muslin bags of }-oz. 
each. 

Cigarettes | 2 packets) In packets of 10. 





Matches, safety 5 y | 1 box | 


_Gross weight ž 2 lbs. | 

Note : 

(a) When climatic conditions permit and stocks are available 1 oz. eating 
chocolate may be issued in lieu of 1 oz. sugar. 
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TABLE XV 
Light scale ration (Indian packed). 
' | i 
Articles | Indian troops | British troops 
Shakarpara biscuits (12) Ll da 12 y 
Chocolate (I packet) (a) .. e 2 = | E ae 
Beef or mutton, tinned (1) .. Si 12 ozs. 
Milk tinned, sweetened (1) .. ne | 14 ozs, | (b) 
or i t 
Sardines, tinned (2) 7 | Gh ozs, (b) 
or i 

Snoek, tinned (1)... a a 8 ozs. ' (b) 
Cheese, tinned (1) (c) oe TE 4 ozs, 4 ozs. 
Sugar (1 bag) La ga a 5 ozs. 5 ozs. 
Milk powder (1 bag) di oe 1 oz. l oz. 
Tea (1 bag) pi ta E 2 oz. | 3 oz. 
Salt refined (1 packet) 1 oz. l oz. 
Salt tablets T 8 No. | 8 No. 
Compound vitamin tablet TE i No. | 1 No. 
Cigarettes T T sa 10 No, 10 No. 
Matches, safety  .. ee bi 1 box 1 box 
Toilet paper E T m _Ssheets | 5 sheets | 
Remarks : 


Master pack: 8 individual rations in a 4-gallon kerosene oil type tin. 
Gross weight: 27 lbs. 4 ozs. 
Individual pack: Size 6}° x 4" x 44° 
Gross weight==50 ozs. approximately. 
Calorie value =4,000 approximately. 


Notes :(a) The chocolate issue will be increased to 4 ozs. as soon as possible. 
Some of the earlier packs contain no chocolate, as this item 
was then not available. With 4 ozs. chocolate the calorie value 
will be about 4,300; without any chocolate it will be about 
3,700. 


(b) Of every five Indian troops rations, three will contain milk and two 


tinned fish. This proportion of milk to fish is designed to attain the 
necessary average weight and nutritive value. 


(c) Some of the earlier packs contain no cheese, as this item was not 
available for a time. In such packs, the master tin is stamped 
“NO CHEESE ”. When these are in use, it is important that 


an equivalent quality of cheese in 12~oz. tins be issued separately. 
Additional Items 
(i) When considered necessary, Tommy cookers will be issued at a scale 
of one cooker and one Ib. solidified fuel per four rations. 
(ii) When this ration 1s to be employed for long periods, as in long 
range penetration operations additional items may be issued in 
bulk every fifth day, as under: l 
Bread 14 ozs.; fruit tinned 74 ozs. (pineapple if possible); mar- 
garine 2 ozs. (vitaminised); rum 2 ozs; and onion fresh 1. 
The intention is that these should be consumed at the supply point 
to obviate the necessity of carrying them. 


A 
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Taste XVI 
The Jungle ration, Mark I (Packed in the United Kingdom). 





Articles | Quantity 








In food tin 
Oatmeal blocks (2) 34 ozs 
Biscuits (10) 84 ozs 
Raisin chocolate (2 bars) 4 ozs 
Vitaminised chocolate (1 bar) 2 ozs 
14 ozs 


Condensed milk (1 tube) 


| 
Tea tablets (12) | $ oz 
Sweets, boiled 2 ozs 
Jam (1 tin) 2 ozs 
Fizz tablets m E ‘i 
Chewing-gum “i T T 4 tablets 
Sugar cubes (4) 0 hs $ oz. 
Cheese (1 tin) 14 ozs. 
Salt (1 packet) + oz. 
Salt tablets (30) 3 oz. 
Compound vitamin tablet | l tablet 
Latrine paper 4 sheets 
Matches, safety 1 booklet 
Separate 
Meat tinned (1 tin) .. 12 ozs. 
Cigarettes (Flat * 20° tin) 10 No. 


Size: Food tin = 63° x 5h” x 25% 

Standard tin bully beef and cigarettes provided separately. 
Gross weight: 50 ozs. 
Calorte value: 4,200 approximately. 
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TABLE XVII 
Composite ration pack—ZIndian troops (8 men). 
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: | Details of 8 men packs 
Articles | per man oe 
| per day ‘ Net 
| Number and size of packs} vei ght 
os | lbs. ozs. 
Biscuits shakarpara -- | 12 ozs. | 24x4 02. packets | 6 s 
Nuts assorted .. sd 14 ozs. 1x12 oz. bag en 12 
Milk tinned sien ; 4 ozs. ¡2x1 Ib. tins 2 T 
Sugar pi 6 ozs. ¡1x3 Ib. bag |3 ny 
Tea ration T ne oz. ! 1x6 oz. bag bes 6 
Salt ration Ił ozs. | 1x6 oz. bag EF 10 
| | (plus 64 tablets) 
Jam tinned / 6 ozs 2X14 Ib. tins 3 T 
Milk tinned 34 ozs. | 2x14 oz. tins i 12 
Cheese tinned | 3 ozs. ( 2X12 oz. tins 1 8 
Vegetable tinned.. | 7$ ozs. | 2X30 oz, tins 3 12 
Fruit tinned l 74 ozs. | 2x30 oz, tins 3 12 
Compound vitamin tablet (a) l No. ' 
Cigarettes (a) : 10 No. 
Matches, safety (a) 4 box | 
i Rena 
Remarks : Packed in a 4-gallon kerosene oil type tin and marked as 


“Compo pack—Indian troops—8 rations ” 

Tommy cookers at a scale of one per four rations will be issued 
where fires are not allowed or their use is considered necessary. 
Where issued, solidified fuel will be supplied at a scale of 
1 lb. per cooker. 


Note : (a) To be issued separately. 
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Tate XIX 
‘K’ ration 
uan 
Articles | _ A, de ri 
| Breakfast unit Breakfast unit | Supper unit | Dinner unit 
Biscuits, white flour "E 1 pkg. = igge | 1 pkg. | 3 
Biscuits, Graham flour... aes | I i | pe 
Meat and egg products (a) l tin | es T 
Meat products (b) | i l tin sE 
Cheese (c) ax ‘i l tin 
Fruit bar | 1 : | mw 
Coffee .. - + | pkg. | 
Sugar cubes in . 3 i § | 3 
Chewing-gum .. TE 1 stick | l stick 1 stick 
Cigarettes T T 4 No. 4 Nao. 4 No. 
Chocolate bar .. Es | 2 OZS, es 
Bouillon powder (for soup) 1 pkg. l jo 
Candy . a m ee | 1 pkg. 
Lemon j juice powder | | pkg. 
Matches D | I clip 
| | 


| 


me ein gc A URN mar Lm ire JN aj a A ei e n e e aake pae rd Ir i, 





Remarks: Size: Three units, each measuring 
hiy x 6 x 3H" 
Gross weight: 19 OZS. 
Calorie value: 3,150 to 3,400 approximately. 
Notes : (a) Alternatives —Ham and eggs; chopped pork and eggs. 


(b) Alternatives —Corned pork loaf flavoured with carrots 
and apple flakes; beef and pork loaf; 
montadilla. 


(c) Alternatives —-Full cream cheese; American and Swiss 
blend cheese; cheese with bacon. 


TABLE XX 
Supplement to ‘K ration (Issued every fifth day). 


ren eames ANS apm A MI Ae ei te NR LE rea tie a a etm A rh Ain Rh ft Ee tee TAG ir ASPIRIN fet re a e i aa a ARE mete 


Quantity | Remarks 


` Articles | Opiy 
Sugar es five 3-oz. bags 
Milk powder : five 1-oz. bans piston in cardboard 
Tea .. five tm. be in  waxe 
Salt .. : five 1}-oz. sa nape. > Sizes 6}° x44". 


OD net n 
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TABLE XXI 
Pacific 24-hour ration (Indian troops). 



























| Breakfast | Midday Total 
Articles ¡ (No.1 : (No. 2 daily 
Can) | Can) ration 
Fish items. . | 34 ozs. (b) 3) ozs. (c)| 7 ozs. 
Biscuits .. “i .. | 24 ozs 24 ozs 34 ozs. | 8$ ozs. 
Oatmeal blocks .. .. | 34 ozs. lë ozs. | 54 ozs. 
Cheese blocks E OS. | l ozs. | th ozs 
Fruit bar . ; | I oz. l oz. | 2 ozs 
Tea ration | 14. ozs. | = I} ozs. | 2$ ozs, 
Sugar... gi ke es |b oz. 5a | 1 oz. 
Sweets boiled P .. i $ ozs. | $002. I oz 3} ozs. 
Chewing-gum e .. : L packet | l packet 2 packets 
Chocolate (HC) P | 4 ozs. | 4 ozs. 
Lemon crystals | = : $ oz. m OZ. 
Cigarettes (a) 15 No |... 5 No. 10 No. 
Matches ` 1 booklet : ! ai 1 booklet 
Mepacrine tablet .. sk | 1 No. | 3 | ES 1 No. 
Compound vitamin tablet .. | 1 No. | bs 42 1 No. 
Salt tablets ‘ .. , 8 No. 8 No. 8 No. 24 No. 
Water sterilising tablets ¡14 No. | 4 No. ¡4 No. 12 No. 
Water detasting tablets |4 No. 4 No. 4 No, | 12 No. 
Latrine paper | 4 sheets | 4* sheets | 4 sheets ! 12 sheets 
Remarks: 
Calorie value == 4,250 (approximately). 
Gross weight of container gow == 3 Ibs. 3 ozs. 
ted 
Overall size of each container = 5" x5} x44" (117 cubic inches approxi- 


mately). 

Weight of wrapping non-foodstuffs = 11 ozs. (22°5 per cent). 

Proposed packing == Each meal packed in separate aluminium 
hermetically sealed container. One 
complete ration (three cans) to be 
strapped together—nine rations tq be 
put in a timber case. 

Notes : 

(a) Omit for Sikhs. 

1 Fish and egg. 

c) Fish and rice, 
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Taste XXII 
Pacifie 24-hour ration (British troops). 
Breakfast | Midda Su Total 
(No. 1 (No. 2 3 (No 4 ai 
Can) 


















| 
Meat items oz 
Biscuits o (o) on 
Meat biscuits 3 l oz. 
Oatmeal blocks | 13 ozs. 54 ozs 
Cheese blocks P m | 14 ozs. | 14 ozs 
Fruit bar .. de a ¡1 oz. | 2 ozs 
Tea ration .. | 1 ozs. vik | Igozs. | 2$ ozs 
Sugar. ES ad | l oz. va i oz. 
Sweets, boiled .. | LR ozs. 4 oz, | 1 oz. | 31 ozs. 
Chewing-gum .. | 1 packet] i packet | P 2 packets 
Chocolate (H (HC) TE ja 4 packets a 4 packets 
Lemon crystals TE 2% 4 oz. ai OZ, 
Cigarettes .. 15 No. 5 No. 10 No. 
Matches .. .. | 1 booklet Ed 1 booklet 
Mepacrime tablet .. œ= | L No. l No. 
Compound vitamin tablet .. ¡1 No. e es i No. 
Salt tablets 8 No. 8 No. 8 No. 24 No, 
Water sterilising tablets 4 No. 4 No. | 4 No. | 12 No, 
Water detasting tablets 4 No. 4 No. 4 No. ¿12No, 
Latrine paper 7 .. |4 sheets | 4 sheets | 4 sheets | 12 sheets 
Instruction leaflet ` | 1 No |1 No |1 No |3 No. 
i 
Remarks : 
Calorie value = 4,270 approximately. 
Gross weight of containers (calcula 
ted) 3 lbs, 3 o 
Overall size of each, container = 5" x 54” x 4 (117 cubic inches approx- 
imately). 


Weight of wrapping non-foodstuffs = 11 ozs. (22-5 per cent). 


Proposed packing 


Notes :-(a) 
(b) 


Ham and egg. 
Ham and beef. 


= Each meal packed in separate aluminium 
hermetically sealed container. 
One complete ration (three cases) to be 
strapped together—nine rations to be 
put in a timber case, 
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Taste XXIII 
Daily scale of diets in hospital for Indian troops and non-combatant 
personnel—1943. 
Articles Ordinary Milk Convalescent 
, diet diet diet 
Atta or rice - .. | 20 ozs. - ie > 16 ozs. 
Condiments mixed (a) - | $02. T $ oz, 
Dal de ; 2 ozs. gi 2 ozs. 
Ghee i . | 2 ozs. T 2 ozs. 
Milk fresh . | 12 ozs. | 48 ozs. 20 ozs. 
Mutton (b) 4 ozs. ae 4 ozs. 
Onions aa od .. | 2 ozs. 2 ozs. 
Potatoes .. T .. | 6 ozs. 2 ozs. 
Salt refined a .. | oz. a 4 oz. 
Sugar sk 24 ozs. 4 ozs. 3 ozs. 
Tea soz. | ¿oz 4 oz. 
Vegetables fresh (other than 
potatoes and onions) .. | 8 ozs, T 8 ozs. 
Fruit fresh .. Y .. | 8 ozs. | 8 ozs 8 ozs, 
Peas/beans dried = sy | 10% | oe e 
Cocoa ia E .. | 12 ozs. | i 
Eggs - . 2 No. 
(c) < Fish fresh E .. | 14 ozs. 0 5 
Aerated water gi A (d) (d) (d) 
| Barley waters (f)  .. > de (d) (d) (d) 
Ice £ gu (d) (d) (d) 
Lime juice cordial .. - ee (d) (d) (d) 
Firewood split -~  , «| Mbs: 2 lbs. 3 lbs. 
‘Notes: (a) The condiments to be drawn are: chillies, coriander seed, 
garlic, ginger, pepper, tamarind and turmeric. 

(b) The quantity of the meat stated was meant to be exclusive of 
bone; when bone was taken with the meat, a quarter more in 
weight was allowed. Parts containing two-thirds bone were 
excluded. 

- (c) These items were not prescribed in diets prior to 1943. 
(d) On an ‘as required basis’. 
(e) For 12 ozs. cocoa the following is authorised :— 
Cocoa powder,...} oz. 
Milk... .2 ozs. 
Sugar....4 Oz. 
(f) For every five pints of barley water the following is authorised :— 


Barley pearl... .2 ozs. 
SUgar....Z ozs, 
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Daily scale of extras in hospitals for Indian and British troops. 





Articles 


Atta (a) 
Bacon (b) 
Beef tea (b) 


Biscuits fancy 
Bovril 

Bread 

Butter 

Cheese 
Chicken broth 


Cocoa 


Coffee 


Condiments (a) 
Cornflour 


Cream fresh 
Dal (a) 

Eggs 

Fish fresh 
Benger’s food 


Fruit dried 


Fruit fresh 
Gelatine .. 
Ghee (a) 
Groundnuts 
Jam 


r 

$ a , 
Å * + 
a + a e Z 
ES a 
a RE A an 

a ne 
o 


Maximum 
quantity 


that may 


be ordered 
in a day. 


12 ozs 
2 ozs 


1 pint 


Substitute 


| 


Remarks 


For each pint:— 12 ozs. 
beef without bone, or 
15 ozs. beef with bone, 
or 2 oz. meat extract 
is allowed. 


8 ozs. chicken (dressed 
weight) for ł pint of 
broth. 


mm: 


For each pint:—cocoa 
3 oz., milk 2 ozs., sugar 
$ oz. 


| 

| For each pint:—coflee 
I $ oz., milk 2 ozs., sugar 
| 





$ oz. 


loz. sugar for 2 ozs. 
cornflour or rice is 
allowed. 





2 ozs Cream tinned | 

3 ozs | 

8 ozs | 

S | Any accepted 

| dried milk 
| food diis 

2 ozs. | ; Almonds, . raisins, sulta- 
| nas, prunes. 

8 ozs. | Fruit tinned 

2 sheets | 

1 oz. 

l oz. 

1 oz 


Marmalade | 
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Articles 


Jelly, chicken or fruit 


Lard (b) . 
Liver fresh 


Macaroni .. "n | 


Milk fresh -| 60 ozs. 
Oatmeal .. .. | 2 ozs 
Onions . .. | 4ozs 
Potatoes .. .. | 6ozs 
Rice ration 2 | Zozs 
Rice, water a NE 
Sago Pm 2 ozs 
Sauces .. i 
Sausages (b) 3 ozs 
Sugar à 
Syrup Golden 1 oz. 
Tea , 
Vegetables fresh 6 ozs 
Vinegar 
Alcoholic stimulants 
Ale country (b) ik 
| 
Brandy .. vi | 
Burgundy (b) TE 
pe (B)  .. | ; 
Port ‘ ws | <a 
Rum | 2 fluid 
| ozs. 
Sherry (b) rI s 
tout country (b) .. 7 
Whisky scotch 2 ozs. 





TABLE XXIV—Conid. 


Maximum 
quantity 
that may 
be ordered 
in a day 


PREVENTIVE MEDICINE 


p R a aa 


Substitute Remarks 








For 8 ozs. chicken jel- 

ly:—chicken live weight 

1 1b., lime juice 2 ozs., 

eggs 2, sugar l oz., 
stimulant if required 

Dripping, mut- 
ton fat suet 

Marmite 





1 oz. when required for 
treatment purposes 


Milk foned 
qe 10 ozs. milk allowed for 
% ozs. oatmeal. 


Oe Pe PP e a 


For every 5 pints:—2 
ozs. of rice and 2 ozs. 
sugar are allowed. 


Tapioca 
| 
l 
For each pint:—tea $ oz. 
milk 2 ozs., sugar 1 oz. 
Vegetable 
tinned 


(PA A Apo 


Ale imported 
and beer can- 
teen draught 


| 
. 
i 





| 


Notes: :—(a) These items are not issued with ordinary diet to British troops. 
(b) These items are not issued with ordinary diet to Indian troops. 


A 


Articles 


Capers . 
Powder curry . 
Essences i 
Gelatine 

Herbs dried 


Mustard, Europe 
Pepper 

Oil salad 

Spices 

Vinegar 

Pickle or chutney 
Sauces 3 
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TABLE XXV 


Scale of kitchen sundries. 


EE 
: 


Scale 


12 ozs, per 100 diets 
12 ozs, per 100 diets 
2 ozs. per 100 diets 
l oz. per 100 diets 
l oz. per 100 diets 


l oz. per 20 beef diets 

2 ozs. per 100 diets 

4 pint per 100 diets 

4 oz. per 100 diets 

4 pint per 100 diets 
24 ozs. per 100 diets 
12 ozs. per 100 diets 
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Remarks 


For boiled mutton only. 


All to be proportiona- 
tely reduced to conform 
with the number of 
patients. 


a 
' 


A A 


O RL tt 
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Taste XXVI 
Daily scale of hospital diets and extras for British officers and BORs (1943). 


O a. 
—_ 


Classes of diet 


A EO | Gaia a TS | NS e E 











Acc- Ordinary Con- | 
Articles ount- Chic- | vales- | Beef | Milk 
wg su d | Roast ken | cent | tea 








Beef or mutton with bones| oz. 12 12 ; po i Los 
Beefor mutton without bones! oz. e T . |x 12 | T 
Chicken A T No. | .. | aa LIA es T 
Milk fresh m ” OZ. 6 | 6 6 S 6 60 
Bread m o | oz | 14 | 4 | 2 [82 8] 8 
< | e. | = i | 4 + E E 3 
Butter š a OZ. 14 | 13 l = E 1 l 
Dripping (a) .. s% OZ. co SN Se 1 Aa l pi 
Potatoes OZ. 8 | 8 8 138 š 
Vegetables fresh (other than | G 4 | 
onion and potatoes) (b) OZ. 8 | 8 4 (138 | .. P 
Barley pearl .. OZ. $ ee di = a) as 
Flour (c) q .. | oz. eis | |e] - 
Onions ER NT OZ. 7 | 2 | 1 e se 
Salt refined .. .. | OZ, Pl PJ. #4 ]ge 3 
Fruit fresh (d) 4s OZ. 8 | 8 | a 9% $4 
Cheese Oz. 2 | i . | as 
| Cocoa prepared (e) oz. | 12 | 12 a sg 
Eggs fresh No. | 2 | 2 12% 
(£) ¿ Jam px OZ. Ly i ie = E 
Bacon re | 0% 5 7 | pa 
Fish fresh sie OZ. 13 15 pi a ; 
Oatmeal (g) T OZ. 2 Gi as 5 En s 
Pudding „| oz. 1 i |. | 33 0. 
Firewood split (h) .. | Ib 4 4 4 os z | 4 4 
Diets extras (1) es | 5 z 
Aerated waters ni a t E gl, l 
e water .. z 0 10 0/30 10 
ES x Es | 
Lime juice, cordial 5 | 





Notes:—(a) In 1944 hydrogenated cooking oil was substituted for dripping. - 

(b) To include 2 ozs. fresh beans or peas when available. 

(c) An extra issue of 4 oz. of flour per man per day was provided 
under ‘ roast diet’ for thickening gravy and soups. 

(d) Or 4 ozs, tinned or dried fruits. 

(e) Foz. cocoa, 2 ozs. milk and $ oz. sugar. 

(f) These items were not included in the diets prior to 1943. 

(g) With 8 ozs. milk in addition per 2 ozs. oatmeal. 

(h) For each ‘no diet’ and * detained’ case the scale of firewood 


was 4 Ibs. subject to certain rules which applied in common 
to all classes of diet, 
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TABLE XX VE--Contd. 


(i) For every five pints of barley water 2 ozs, barley pearl and 2 
ozs. sugar were allowed. For every pint of lemonade, as 
many limes or lemons as would produce 2 ozs. of prepared 
lime juice and 1 oz. sugar were allowed. To be prescribed 
in fluid ounces. Aerated lemonade was to be ordered when 
certified as necessary by the officer-in-charge. 


(3) On an ‘as required basis’. 
Taste XXVII 
Scale of equivalents for articles in Indian and British diets (in hospitals). 





ió A ate re EOS na oso aE 





—_— t 
A nran ae 





Articles short issued Articles substituted 




















iisi o - Remarks 
Articles iy | Articles Qnan- 
ity | tity 
Cornfiour ..} Ilb. | Rice 1 ib. | 1 oz. sugar per 2 ozs. 
| or sago was allowed. 
| | Sago | Ib. | 
Atta... .. | IIb. | Rice | lib. | 
Beef tea .. | 1 pint Essence of beef $ OZ. | 
' or 
| Mutton broth 1 pint 
Bread .. .. | 11b. | Atta 1 Ib. 
Australian Dripp- | 1 oz. : Approved hydroge-| 1 oz. | 
ing nated cooking oil s 
Firewood, split Charcoal, common | For hospitals of British 


troops only and pro- 
vided the cost of the 
charcoal did not ex- 
ceed that of the fire- 
wood authorised. 


| 


| 
| 
| 
E 
| 
| 
| 

} 


nel 


] 
. . |10 ozs. Milk, tinned, liquid, 








Vegetables, fresh 1 lb. 


Milk, fresh 
| evaporated 4 ozs. 
Mutton or goat .. | 1 lb. | Atta ! 1 Ib 
| and | 
Ghee l oz. 
| or 
| Beef 1 lb. | For those who eat it. 
| or | 
Dal 8 ozs. | 
and 
Ghee l oz. 
or 
Chicken 1 Ib. | For those who eat it. 
Mutton broth ../| 1 pint! As for beef tea . 
above | 
Tea, ws .. | 1 Ib. | Coffee 2 lbs, | Coffee to be supplied 
| ready ground by the 
i | RIASC. 
| 
| 





Potatoes ? | $ Ib. 
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Tastre XXVIII 
Daily scale of diets for Indian iroops and enrolled non-combatant personnel 


























(hospitals). 
| Description of diet 
do 
| E E 
42 43 © 
Articles S e E | E = 
E Edd 
< Aj Owe 
Cereals, ete. | | 
Attalrice (a) L. | oz. 18) 20} 6 
Bread .. .. 10% wis 4 e 
Biscuits fancy OZ. E Z 
Cereals for r pudding : 
(b) . OZ. T d 
Dairy products | 
Milk fresh (c) . | Lb. 4l at 1 
Skimmed milk powder OZ. Bl set 4 
Cheese .. ,5 | OZ: we | 4/7 ; 
Eggs (a) a |B Na, 2. 2] 2 
Ghee 1 4: 2 1 
Benger’s food [Horlicks | 
malted milk  .. | oz. a A T | 
Butter/margarine | 
vitaminised ws POZ TE | 5 | r 
Meat, poultry, fish (e) a | 
Mutton fresh including | 
bone oo te | ae | r = 6 (8| | 8 
Chicken or rabbit 
dressed (f) .- oz. | 10 ¡10 | 10 sa| a si 
Fish fresh .. | OZ. sm 1 ee | oe f ee doe 4 11-1/7 
Liver .. „e | OZ. 2 2 | 2 4 | 4 a2 
Vegetables and fruits | 
Fruit fresh citrus (g) [oz | 8 | 8 | |8 ¡Udala 
Fruit fresh variety .. | oz. | .. | +. | 8 n | qa El 8l. 
Vegetables fresh .. | oz. {| «à | es 8 oe 4 gi 8 i 
Potatoes fresh ar e 8 gel d F a | 2 4 | 4} , 
Onions fresh ¿oz | $ | 4 ] l l 2 2 e 
Dal e se | OZ, | an +; 1 s= | 2 2 ¡2(h) l 
Sugar .. loz. 14 | 313,3) 34 | 31 3) 2 
ae ai } } | | 
ea oz. 
Cocoa powder oe baci } | 3 | 3 | 3 | 3 $ t 
Barley water (i) | i E 
Fruitjuicecordial > (j) | y | | | | 
Aerated water | | | | 
Condiments (k) al a 7 | 4 | J | 4 J 4 (1/7 
Achar (5). “| | | } | 
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Taste XXVITI—Conid. 
























































a Description of diet 
E e ae pa 
Articles = | pe | 3 a E 3 9 
Sn] 288) £8 les E 119 
331 23/58 miss me, Zi EBZ 
ae |< | a SMi | Wy) Om” 
Miscellaneous | | | | 
Salt .. w= | oz. ti 4 E | 21 112144 
Ice Ù i) ! | | 
Jelly JO : i 
Firewood .iLb | 3 13 {3 13 | 3 | 3 | 3| 9 








Remarks :—The above scales came into force from 1 December 1945. Issues 
will be guided by these scales according to the diet upon which 
each patient may be placed. The quantities of food for each 
form of diet plus the extras admissible are the maximum 
allowance for each diet and must not be exceeded. 

Notes :—-(a) Atta and rice may be demanded in any proportion required, 

but normally patients should receive a proportion of each. 
In the case of diet ‘ Low residue’ not more than 4 ozs. of 
atta should be issued. 

(b) Pudding cereals to consist of arrowroot, sago, tapioca, corn- 
flour or suji (semolina). When medically essential, particular 
varieties may be demanded. 

(c) Milk tinned may be issued in lieu of milk fresh, the equivalent 
being 4 ozs. to every 10 ozs. fresh milk. 

(d) To meet the religious scruples of certain classes of patients, 
meat, fish, eggs, etc. may be substituted on the recommenda- 
tion of the medical officer as shown below: 

Mutton fresh with bone 2 ozs., milk fresh 4 ozs. or skim- 
med milk powder 3 oz. or milk tinned 12 ozs. or cheese 
2 oz. or egg l, or chicken dressed 2 ozs. or rabbit 
dressed 2 ozs. 

(e) Chicken or rabbit dressed 10 ozs. is equivalent to chicken or. 
rabbit live weight 20 ozs. 

(£) Chicken dressed in diets ‘Fluid’ and “ Intermediate” is 
included for making broth. 

(g) Where fruit fresh citrus is specified it is intended for preparing 
fruit drinks. If citrus fruits are not available, the medical 
officer may give ascorbic acid dissolved in lime juice cordial. 

(h) In case of * Ordinary’ diet 34 ozs. basin (dal channa flour) should 
be supplied per head per week in lieu of an equal quantity 
of dal. 

(i) For every five pints of barley water 2 ozs. barley pearls and 2 
ozs. sugar are allowed. For every pint of fruit juice cordial, 
as many limes, lemons, or oranges as will produce 2 ozs. of 
prepared fruit juice, and 1 oz. of sugar are allowed. Aerated 
water should only be ordered when certified as necessary by 
the officer-in-charge. 

(j) On an ‘as required basis’. l 

(k) When RIASG condiment powder is supplied, 25 per cent. of 
the powder be substituted by fresh condiment according to 
requirements, 
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TABLE XXIX—Contd. 


(h) In diets * Low residue’ and ‘ High protein’ vegetables should 
be served as a puree. 

(i) For every five pints of barley water 2 ozs. barley pearls, and 2 
ozs. sugar are allowed. 

(3) For every pint of fruit juice cordial, as many limes, lemons or 
oranges as will produce 2 ozs. of prepared fruit juice and 1 ` 
oz. of sugar are allowed. Aerated water should only be 
ordered when certified as necessary by the medical officer- 
in-charge. 

(k) On an ‘as required basis’. 
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TABLE XXXII 


Supplement to the emergency basic scale of rations (1945) for Indian 
troops engaged in strenuous exertion. 


Articles Scale 
Atta or rice .. F pi 2 ozs. 
Dal sa do .. | 1/2 oz. 
Milk ghee in T x] 1/7 oz. 
or 
Sugar ay lo T 1/4 oz. 
TABLE XXXIII 


Supplement to the emergency basic scale of rations (1945) for British 
troops engaged in strenuous exertion. 


| | 


Articles Scale | Equivalent | Scale 


e aremt 





A 
Bread .. - a 4 ozs. | Biscuits | 3 ozs. 
Cake .. a T I oz. | | 
or | 
Ingredients, viz., | 
Flour ki » 2 oz. | 
and baking powder i Gig OZ- | | 
and custard powder T Jg lZ | 
and milk fresh T $ oz. | 
or 
Milk tinned (United King- | 7 
dom or Dominion) =i $ oZ. ; | 
and margarine si tp oz. l 
and sugar... =. | gis OZ. | , | 
Jam .. a p } oz. | Marmalade | $02. 
/ or 
| Golden syrup $ oz. 
Margarine be Sü $ oz. | | 
Potatoes e e 4 ozs. | Potatoes, tinned 22 ozs. 
or potatoes, tinned 2 ozs. 
and flour 4 oz. 
or bread 2 oz, 


or potatoes dehydrated 5 OZ. 


Sugar .. ae ay 4 oz. 
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Firewood 
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Scale 


6 ozs. 
14 ozs. 
14 ozs. 


l oz. 
$ OZ, 


3 ozs. 


14 ozs, 
3 ozs. 


2 No. 


© ozs. 


+ OZS. 
$ ozs, 


$ oz. 


2% ozs. 


2 ozs. 


l oz. 


TABLE XXXIV 
Scale of rations for Indian members of WAC (1), nursing and other women 
serves. 
Articles Scale Substitutes 
Daily issues 
Bread ia 8 ozs Rice ration or atta 
Rice ration or atta 10 ozs 
Butter 14 ozs Margarine vitaminised 
Ghee .. 14 ozs Vegetable ghee|cook- 
ing oil 
Dal .. 24 ozs 
Cheese tinned . l oz. Cream cheese 
Coftee $ oz. Tea 
Dried fruit $ oz 
Fruit fresh citrus 6 ozs 
or 
Fruit fresh non-citrus.. | 12 ozs . Fruit tinned 
jam .. aa | 14 ozs Marmalade/golden 
syrup/honey 
- Fish fresh 5 ozs Mutton with bone 
i or 
Eggs 
or 
ae fresh 
Poultry (live weight)| 4% ozs. 
Poultry (dressed 
weight) 
Milk fresh 8 ozs Milk tinned 
Onions fresh .. 2 ozs Onions dehydrated 
Potatoes fresh ,.. 4 ozs 
Vegetables fresh 8 ozs Vegetables tinned 
Condiment powder $ oz Tamarind 
or 
Other condiments 
Salt .. | OZ. 
Sugar | A OZS 
Tea .. OZ. ; 
Suji l oz. Dalia or matda 
Eggs . 1 No. 
Compound vitamin oa 
a 


A A eg a AOE 
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TABLE XXXIV-—Contd. 








Articles Scale Substitutes Scale . 
Thrice weekly issues 
Vinegar P 1a $ oz. 


Twice weekly issues 


| 
| 
Sauces ši 7 hoz. | 
Chutney or pickles sa $ oz. 
Weekly issues 
Matches safety (b) ia 2 þoxes | 
Toilet paper .. .. | 35 sheets | 


Notes :— (a) On medical recommendation. 
(b) Per fifty members for use in cook-houses. 


TABLE XXXV 
1945 emergency cut in the scale of rations for WAC(I)—Indian scale. 





India | 1945 . 


Standard articles basic [Emergency | Standard substitutes! Scale 
scale scale 
Bread .. be 8 ozs. 7 ozs. | Rice ration or atta | 5S} ozs. 
Rice ration or atta.. 10 ozs. 84 ozs. 
Butter .. 14 ozs. ] oz. Margarine vitami- 
nised I oz. 
Dal me pä 24 ozs. 2 ozs. | 
Jam e Bi 14 ozs. 1 oz. Marmalade/golden | . 
syrup/honey | oz, 


Sugar .. bi 3 ozs. 24 ozs. 


Articles 


Daily issues 


Bacon tinned 
or 
Eggs pr 
Baking Poe 
Bread : 


Butter 
Cheese tinned 
Coffee ae 
Dried fruit .. 
Flour : 
Fruit fresh—citrus 
or 

Fruit fresh—non-citrus 

Jam 


Meat fresh with bone 
or 


Meat frozen with bone 
or 
Meat frozen boneless 


Milk fresh 
Mustard 

Oatmeal 

Oil cooking .. 
Onions fresh 

Baked beans tinned 


eee 
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TABLE XXXVI 
Scale of rations for British members of WAC(I), nursing and other women services. 


Scale 


10 ozs. 


7 ozs. 


54 ozs. 


+ 


| 
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| Substitutes | Scale 








A a Mi id anal 
$ mamamaga NS a 


e nc EE 


es 
dee ee 
` 


Sausages tinned 


Fiour 

or Biscuit shakarpara 
Margarine vitaminised 
Cream cheese 

Tea 


Fruit tinned ls 
Marmalade 
or | 
Golden syrup 
or 
Honey 
Meat preserved | 
and 
Pickles or chutney | 
| 


Mutton fresh 


‘Meat and vegetable’ 
ration tinned 

or 

Pork 
or åŽ 

Fish fresh 
or 

Veal 


or 
Poultry (live weight) 
or 
Poultry (dressed weight) 
Milk tinned 


Onions dehydrated 
Lentils 
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TABLE XXXVI—Conid. 








Articles Scale Substitutes Scale 
Pepper ja 2. | 159 02. 
or 
Curry powder Li ap OZ- 
Potatoes fresh as 10 ozs. Potatoes tinned 5 025. 
or 
Potatoes dehydrated l ozs. 
Rice ‘ es l oz. 
Herrings tinned T $ oz. 
Sardine tinned 6 4 oz. 
or Fish fresh 34 ozs, 
Fish tinned (other than j 
iii and i 3 oz. 
Salt $ oz. 
Sugar aa 7 34 ozs. 
Tea ‘ ji $ oz. 
Vegetables fresh 8 ozs, Vegetables tinned 23 ozs. 
Compound vitamin tablet 
(a) .. 1 tablet 
Firewood .. T 3 lbs, 
Thrice weekly issues 
Vinegar ww > .. 40z. 
Twice weekly issues 
Sauces - Foz. 
Chutney or pickle sn 40z. 
Weekly issues 
Toilet paper.. ds 35 sheets | 
Matches safety (b) .. 2 boxes | 


eee eal 


Notes:—(a} On medical recommendation. 
(b) Per 50 members for use in cook-houses, 
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Taste XXXVII 
1945 emergency cut in the scale of rations for WAC(I}, British scale. 


A mae ae 





aer 











India 1945 | 
. Standard articles basic |emergency | Substitutes Scale 
scale scale | 
Bread .. | 10 ozs. 9 ozs. | Flour | 62 ozs. 
or Biscuit Shakarpara | 6 
Butter .. | 1} ozs. loz. | Margarine vitaminised | az, 
Jam .. | 1% ozs, l oz. Marmaladejgolden 
i syrup/honey loz. 
Meat fresh with 
bone -. | 10 ozs. | 8% ozs. Meat preserved 44 ozs. 
and pickle or chutney, $ oz. 
or meat frozen - 
with bone .. | 7 ozs. 6 ozs. * Meat and vegetable’ | 123 ozs. 
ration tinned or | 8% ozs. 
pork 
| 
or meat frozen | y 
boneless 54 ozs. | 4% ozs. | Fish fresh 14% ozs. 
or Veal 11 ozs. 
| or Poultry (live 
| weight) 1121 ozs. 
orPoultry (dressed 


weight) 64 ozs. 
or Mutton fresh | 8$ ozs. 


AA a ne e. 
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Tass XXXVIII 


Roadjrail scale of rations for Indian troops. 














| 
Articles | Scale 
Bread | 14 ozs 
or | 

Shakarpara biscuits (a) | 9 ozs 
Milk tinned | 3 ozs 
Sugar | 3 ozs 

Tea | t OZ 

Salt OZ 
Groundnuts salted roasted (without shells) | 24 ozs 
Jam 2G. A OZS 
Fish tinned salmon oh wi pà 4 ozs 

or 
iia iii roasted shelled | 2 oz 
an 

Raisins | loz 
Cheese tinned s aa da | 14 ozs 
Fruit tinned E si .. | ozs 
Pickles (India) achar i loz. 
Margarine (a) | 14 ozs 








ee aee eg ry rte ee ia ee 


Remarks :— The above will be the daily scale of road/rail rations for issue to 
parties of Indian troops numbering ten or over when: 


(i) travelling by train to which no kitchen car is attached; 
(ii) moving by road in mechanical transport; and 
(ii) conveying mechanical transport vehicles up-country ex-ports. 


Notes:— (a) May be replaced on the first two days of a journey by the 
following when facilities are available for making parathas, * 
etc., before despatch of troops: , 
Atta i vies 12 ozs. 
Ghee er 14 ozs, 
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TABLE XXXIX 


Roadfrail scale of rations for British troops. 


ee eT TI TS EL ENN a 


A AN a a S e r pa e 





Articles | Scale 
Bread i 16 ozs 
or 
Biscuits (shakarpara or service) ri .. | 10023. 
Milk tinned a | | 2 ons. 
Fruit tinned ja ci . 40. 
Sugar T | 3 ozs 
Cheese tinned | 3 ozs. 
Salt oe i $02. 
Tea ‘is T hi .. | oz. 
Jam/marmalade as E .. | 3023, 
Butter/margarine | 3 ozs. 
Meat tinned de si .. | 6025. 
Beans baked tinned T “a .. | 402s. 
Fish tinned salmon/pilchard ji -- 3 3025, 
‘Sardine .. ai EN .. | 2 ozs. 
Pickles/chutney as la .. | loz, 


| 


Remarks :— The above will be the daily scale of road [rail rations for issue to 
parties of British troops numbering ten or over when: 


(i} travelling by train to which no kitchen car is attached; 
Gi) moving by road in mechanical transport; and 
(iii) conveying mechanical transport vehicles up-country ex- 
ports. 








TABLE XL 


Scale of rations for Indian State Labour units. 


A A a 


The scale of rations for the Indian State Labour units is the same as the 
basic scale of rations for Indian troops and non-combatants (enrolled), vide 
Appendix 111, Table VI, with the following exceptions:— 


(i) Parboiled rice will be issued in lieu of ordinary rice. 
(ii) Coconut oil may be issued up to the value of half the ghee ration. 


(iii) ‘Tamarind at a scale of } oz. per man per day will be issued to 
those individuals who are accustomed to use 1t. . 


A O II A — Se) pe A 
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Taste XLI 


Scale of rations for organised civil labour units. 

















Articles Scale per Substituted articles Scale 
man 
Daily issues 
Atta E T 18 ozs. | 
Rice (under-milled « or 
pes 6 16 ozs. 
and atta . re 2 ozs. 
Dal 44 ozs. 
Vegetable ghee or cooking 
oil refined includin 
cocoanut oil and must- 
ard oil .. sa 2 ozs. 
Milk tinned as a% 22 OZS. 
Meat fresh (a) -» | 2 ozs. (f) Fish fresh 33 ozs, 
or 
Milk fresh 4 ozs, 
ba Salen one 
onions (b) ‘ 12 ozs. 
Potatoes a5 “x 4 ozs. | 
Gur ys Kä 24 ozs. Sugar 2 ozs. (c) 
Salt (d) 4 oz. 
Groundnuts roasted with 
shells À 2 OZS. | 
Condiments (e) i $ oz. Tamarind 2 ozs, 
or 
Coriander seed % oz. 
or 
Chillies $ oz 
or 
: Other condiments, ¿ oz. 
Firewood .. va 2 lbs. 
Tea Bi big 3 oz. 
Weekly issues 


Matches, safety $e 1 box 





Notes :— (a) To be drawn only for those who were normally meat-eaters and 
actually desired the meat. 


(b) 20 per cent. must be green leafy vegetables, 

(c) When gur is not availabie. 

(d) Up to 1 oz. extra on medical recommendation. 
(e) According to taste. 

(£) Three times weekly. 
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Taste XLII 
= Scale of rations for Italian non-cooperator POW. 
aaa eaten isi Senate lela lal 
Standard articles Substituted articles Scale 
Daily issues 
Bread si es Biscuits 
Meat frozen (bone in) Meat (preserved) ES pu 
imported imported 
or 
Meat frozen (boneless) 2 ozs. 
(imported) 
or | 
. Meat fresh(indigenous)| 34 ozs. 
Vegetables fresh Vegetables tinned ) 4 OZS. 
or 
Beans canned | 4 ozs. 
or | 
Vegetables dehydrated’ 1 oz. 
Potatoes fresh Potatoes tinned 5 ozs 
or 
Flour | 1} ozs. 
Potatoes dehydrated | 2 ozs, 
Onions 
Fruit fresh Fruit dried | Oz, 
Peas/beans/lentils 
Macaroni Oatmeal ! 14 ozs 
Rice | 
Tea Coffee if issued 14 ozs. 
Sugar 
Milk fresh Milk tinned (United 
Kingdom) 2 ozs, 
or 
Milk powder(F.C.S.U.)| 5 oz. 
Herrings tinned Sardines tinned $ oz. 
Jam 
Salt i n 
Chillies Pepper 100 02, 
Mustard a 
Baking powder ' | 
Margarine i 
Cooking fat | Cotton seed oil : | 7 oz. 
i or 
| Olive oil | # OZ. 
4 Bacon tinned $ oz, 
Bacon (MC) .- de, Sausages tinned (pork | 
Offal or sausage fresh .. y oz. and soya links) E rm 
Cheese crated gi $ oz. Cheese tinned qon 


Flour en vs 2 ozs. 
Fruit dried wi 7 OZ. 
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Taste XLIL—Contd. 





tl 

















Standard articles Scale Substituted articles | Scale 
Skimmed milk powder 4 oz. Dried yeast $ oz. 
Toilet paper 5 sheets 
Compound vitamin y 

tablet (a) T l tablet 
Firewood common | 3 Ibs. 
Ice (b) | 2 Ibs. 
Weekly issues 
Tobacco ..| 14 ozs. 
or 

Cigarettes ..| 35 No. (c) 

Matches, safety ..| 1 box 


Firewood common (d) 


=i 





ame m e 


Notes :— (a) Issued only on medical recommendation. 


(b) On the recommendation of medical authorities, If ice boxes 
are provided the scale of issue will be restricted to | Ib. 


(c) Issued to Italian Other Ranks only. 
(d) For provision of hot water for hot bath per man. 


TABLE XLIII 


Scale of rations for Italian co-operator POW, 


att hom ur 





A eee 





A A nr A A A o 


The scale of rations for Italian co-operator prisoners is the same as given 
in Appendix 111, Table VII plus cigarettes, tobacco and matches at the 
following scale :— 


(1)- Weekly issues 


Tobacco yal 1} ozs. per man. 
or 
Cigarettes er 35 No. per man. 
Matches, safety cee 1 box of 40 sticks per man. 


(11) Two cigarettes for each completed hour’s work in excess of 8 hours’ 
actual work (excluding meal or travelling time), on any day 
subject to a maximum of 30 cigarettes per week. 


(iii) Fuel for warming and drying purposes will be issued under the 
conditions laid down in Table 26 Section VIII of SRS, Part I 
issued by the RIASC. 


atte 
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TABLE XLIV 
Scale of rations for Japanese POW. 


AA A ti mr 





—,: 





Articles Scale 
Potatoes, sweet potatoes or yams ii a | 2 025. 
Vegetables fresh me E sa 1 


Rice >” T ia 16 ozs. (a) 
Dal or k soya beans da Be Lc. | 


ozs. 
Dried peas/beans/lentils bd a P | 3 ozs. 
Meat or fish. An P .. | 6% ozs. 
Fruit fresh T a T .. | 3 ozs. 
Sugar . i $ oz. 
Salt | $o. 
Barley | 6 ozs. 
Cooking fat or oil | 1 oz. 
or | 
Margarine, vitaminised (b).. i 1 oz. 
or i 
Butter (c) | l oz. 
Tea oe 2 oz. 
Firewood, common | 3 lbs. 
Toilet paper | 5 sheets 





-n o e a 
meee TT e Hl 


Notes:— (a) 4 ozs. extra if employed as working parties. | 
(b) To be issued when vegetable issue does not include carrots. 
(c) To be issued only when vitaminised margarine is not available. 
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TABLE XLV 


Scale of rations for Indian airmen. 














Articles Scale | Substitutes (a) 
Bread /atta/rice/biscuits/ | 
flour (b : 24 ozs. 
Ghee .. | 34 ozs. Oil cooking 
Sugar 24 ozs. 
Tea | Hoz. | Coffee/cocoa/chocolate 
Salt | $ OZ. | 
Dal .. ine .. | $3 ozs. Peas dried 
Condiments (c) si | 2 oz. 
Meat (d) 8 ozs. Meat tinned 
or 
Meat dehydrated 
or 
Fish fresh 
or 
Fish tinned 
or 
Fowls including ducks etc. [11 ozs. 
(live weight) 
{For vegetarians see note 
(07 . 
Potatoes p% ji 4 ozs. Potatoes tinned 


or 

Potatoes dried 
or 

Potatoes sweet 

; or 

| Beans drjed 

or 

i Flour 

j 


Vegetables fresh (other than 


onions and potatoes) 4 ozs. Vegetables dehydrated 
or 


Beans haricot 
or 
Vegetables tinned 
or 
Fruits dried 
or 
Fruits fresh 
or 
Dal 
or 
Peas dried 
Onions Bi ES 2 ozs. Onions dehydrated 
or 


Onions spring green 


or 
Vegetables fresh 
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TABLE XLV—Contd. 


Articles | Scale 


Milk tinned liquid evapora- 
ted (f) .. T 










pat =: 


Substitutes (a) 





Milk fresh l 6 ozs. 
or 
Milk powder full cream | % oz, 


2 ozs. 


Fuel .. p a (g) 


Notes :—(a) Equivalents will be issued only in so far as they can be made 
available in stock, and when available they may be issued on the 
authority of the commanding officer. 

(b) The proportions of bread/atta/rice/biscuits/flour to be taken up 
are optional subject to the following conditions:— 
(i) Bread when available is normally to be issued at 12 ozs, 


(ii) Biscuits will not be issued unless bread is not available 
and the commanding officer considers it impracticable 
to issue atta/rice/flour in lieu. 


(c) Condiments are to consist of chillies, coriander seed, ginger, 


turmeric, cummin seed, garlic and tamarind. On one day each 
week the following may be taken up in lieu:— 


Vinegar 4 pint. 
Mustard į oz. 
Pepper ground + oz. 


(d) Meat is to be beef or mutton at the discretion of the airmen. 
Fresh fish may be issued twice a week in lieu of meat, 
(e) Airmen who are accustomed to vegetarian food may take up 
daily in lieu of meat :— 
Milk tinned liquid evaporated (f) 44 ozs. 
or 


ghee ł oz. 
and 
vegetables 6 ozs. 


(f) Milk fresh is to be taken up for the milk ration whenever possible. 
(g) On an ‘as required basis’. 


Remarks :—The commanding officer may, at his discretion, direct } oz. tea 
and 2} ozs, sugar in addition to daily allowances, to be issued 
to such airmen as may be much exposed during severe weather, 
or when from circumstances of sickness or climate or for other 
causes, he may consider it desirable. Such issues are to be 
made on a certificate signed by himself except when issued for 
medical reasons, when it will also bear the signature of the medical 
officer. 


Ice will be issued free to Indian airmen travelling by train during 
the prescribed hot weather period, which is normally from 15 
April to 15 September inclusive. Ice, will, however, be issued 
free on all trains passing over any portion of the North-Western 
Railway system and Kalabagh Bannu Railway by day during the 
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period 1 April to 15 October inclusive. Outside the prescribed 
hot weather periods ice will be issued free only on the authority 
of the senior medical officer at the station of departure. 


The following scales of ice will be used as a guide for all journeys:— 


rhe mer tars A rN LS a NN 


For hospital | If ice boxes are | If ice boxes are 
carriages | provided not provided 


A rl RR 














Military rakes .. .. 2 ozs, witha | 
minimum of 
40 ibs. 
8 ozs. 1 lb. 
Ordinary coaching 2 ozs. with a 
stock invalid special .. minimum of 


60 Ibs. 


In exceptional weather conditions an increase in these scales may be 
authorised by the station commander when, and to the extent which, 
it is certified to be necessary by the local medical officer. 

Ice at 2 Ibs. per man per day is allowed for Indian airmen in Waziris- 
tan District from 1 April to 15 September inclusive when employed 
as escorts to convoys or on the day of return from operations. 

Air Officer Commanding Groups may on medical recommendation 
authorise the issue of extra salt at the scale of } oz. per man per day 


between 15 May and 20 September, to counteract heat exhaustion 
and the effects of heat and boils. 


TABLE XLVI 
Scale of rations for RIN Ratings (including boys). 














Articles Substitutes (a) 
Bread | atta/rice/biscuits/ 
flour (b) .. e 
Ghee .. Oil cooking 
Sugar 
Tea Coffee/cocoa/chocolate 
Salt .. zi 
Dal .. vá Peas dried 
Condiments (c) 
Meat (d) ee Meat tinned 
or 
Fowls including ducks etc. 
(live weight) 
or l 
Fish fresh 
or 
Fish tinned 


| {For vegetarians see Note 


(e)3 
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: En 
Articles | Scale Substitutes (a) Scale 
Potatoes | 4 ozs. Potatoes dried I oz. 
or 
Potatoes tinned "4 2% ozs. 
| or 
| Potatoes sweet 4 ozs. 
or 
Beans dried 14 ozs. 
i ' or i 
| Flour s loz. 
Vegetables fresh (other than | Vegetables dehydrated ¡| ¿oz 
onions and potatoes) 4 ozs. or i 
| Beans haricot l loz. 
i or 
| Vegetables tinned : 2 ozs. 
i or ; 
| | Fruit dried | 2 ozs. 
or 
| | Fruit fresh + 402s. 
| or | 
| Fruit tinned | 2 os. 
or i 
Dal | 2 ozs 
| or 
Peas dried | 2 ozs. 
Onions a En 2 ozs. | Onions dehydrated | hoz 
or 
Onions spring green | 2 ozs. 
or 
Vegetables fresh | 3 023. 
Milk tinned liquid evapora- ! | 
ted (f ) i > 2 ozs. Milk fresh | 6 ozs 
5 f 


or 
Milk powder (full cream); ¿oz. 
Fuel (g) iy | 


Notes :—{a) Equivalents are issuable :— 


(i) To ships and establishments either at their option or on 
the authority of the senior naval officer present subject 
to availability in RIASC or RIN stocks. 

(ii) For the purpose of turning over RIASC or RIN stocks, 


(iii) By the RIASC at their option when unable to meet 
demands for normal standard scale articles. 


(b) The proportions of bread/aita/rice/biscuits/flour to be taken 
up are optional subject to the following conditions :— 


(i) Bread when available is normally to be issued at 12 ozs. 
(ii) Biscuits will only be issued when bread is not available and 
the commanding officer considers it impracticable to 


issue atta/rice/fiour in lieu, or for the purpose of turning 
over RIN stocks. 


206 PREVENTIVE MEDICINE 


Tame XLVI—Contd. 


(c) Condiments are to consist of chillies, coriander seed, ginger, 
turmeric, cummin seed, garlic and tamarind. On one day each 
week the following may be taken up in lieu:— 

Vinegar 4 pint. 
Mustard 4 oz. 
+ Pepper ground 4 oz. 

(d) Meat is to be beef or mutton at the option of the ratings. Fish 
fresh may be issued twice a week in lieu of meat, but tinned 
fish will only be issued to ships proceeding to sea. Fowls 
including ducks etc. may be issued once weekly only or when 
offered by the RIASC as an equivalent of fresh meat the latter 
not being available. 

When dehydrated meat is available from the RIASC it may be 
supplied in lieu of fresh meat to meet an emergency at the scale 
of 6 ozs. dehydrated meat to 1 Ib. fresh meat. Live sheep or 
goats issued in lieu of fresh meat will be accounted for by 
consuming ships or establishments as fresh meat at 50 per cent. 
of live weight at the time of killing. 


(e) Ratings who are accustomed to vegetarian food may take up 
daily in licu of meat:— 


Milk tinned liquid evaporated (f) 4} ozs. 
or 
Ghee 2 oz. 
and 
Vegetables 6 ozs. 


(f) In shore establishments milk fresh is to be taken up for the milk 
ration whenever possible. This also applies to sea-going 
ships when alongside or in the basins. 

(g) As required (in accordance with the size and description of galley). 


Remarks :—Boys under training in the Boys’ Training Establishments will receive 
an additional ration of milk daily as follows:— 


Milk tinned liquid evaporated 34 ozs. 
Milk fresh 10 ozs. 
Milk powder full cream 12 ozs. 

TABLE XLVII 


Scale of rations for African troops in the India Command. 


The scale of rations for African troops in the India Command is the same 
as given in Appendix III, Table XLVIII with the following exceptions:— 
(i) Sweets boiled or sugar in lieu will not be issued. 
(ii) The following additional items will be issued:— 
Toilet paper > 35 sheets weekly, 
Oil kerosene, 2nd quality per cooker per 
day id 2) gallons. 


or 
Firewood per man per day when oil cookers 
are not used ah 2 Ibs. 
Firewood for hot baths per man per week 
(on medical recommendation) 2 Ibs. 
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Scale of rations for West African and East African troops in the SEAC. 





Articles 





Meat frozen (bone in) (imported) 
or meat frozen (boneless) 
or meat fresh (bone in) 
or meat preserved 
or meat dehydrated 
or meat dehydrated (ex-India) 
or meat on hoof 
or meat frozen (bone in) (indigenous) 
or variety meats 
or ‘ meat and vegetable ’ rations (a) 
or eggs , 
or heart (b) 
or tail (b) . 
or kidney or liver (b) 
or poultry or rabbits (live weight) (b) , 
or poultry or rabbits E weight) (0). 
or fish fresh (b) A 


or fish dried (b) 
or fish dehydrated (b) 


Biscuits service 
or biscuits shakarpara 
or atta 
Aita 
Rice 
or atta 
Ghee (c) 
or palm oil 
or oil cooking (refined) a) 
or oil hydrogenated 
or ghee 
and milk fresh 
Milk fresh 
or milk tinned (United Kingdom or Dominion) 
or milk tinned (USA) 
Jam (thrice weekly) 
or golden syrup (thrice weekly) 
or marmalade ee cen 
Sugar 
Fruit fresh rT 
or melons, bananas or mangoes 
or oranges or lemons 
- or fruit tinned 
or vegetables fresh .. 
or fruit dried ie Es 
Sweets boiled (weekly) 
or sugar (weekly) 


4 


| 
| 
| 
l 
3 
i 
j 
4 
| 


t 





84 ozs. 
4% ozs. 
2 ozs. 
3 ozs. 
17 ozs. 
8 ozs. 
44 ozs. 
8 ozs. 
3 No. 


4% ozs. 
6 ozs. 
6 ozs. 


12 ozs. 


6 ozs. 
| 10% ozs. 


3 
37 OZS 


14 ozs. 
4 ozs. 
4 ozs. 
4° ozs. 
9 ozs. 
9 ozs. 
9 ozs. 





| Scale 
- 6 ozs. 
44 ozs. 
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Articles Scale 
Potatoes fresh... ey T .. | 402s, 
or potatoes dehydrated (ex-India) yi im 1 oz. 
or potatoes tinned e .. 24 ozs. 
or potatoes sweet da pi a 3 ozs. 
or yams (ordinary or elephant) rT we 4 ozs. 
or vegetables root ES it T 4 ozs. 
Vegetables fresh T T .. 8 ozs, 
or vegetables dehydrated .. T T l oz. 
or vegetables tinned T nes = 4 ozs, 
or dal (for germinating) T T 14 ozs. 
Onions fresh ea ‘A Wi pi 2 ozs. 
or onions dehydrated En a «ee + oz. 
or onions spring green T “> as 2 ozs. 
Dal oa = T T 14 ozs. 
Groundnuts roasted (with shells) = Ses 2 ozs, 
Cocoa (e) š l pint 
or tea (e) i l pint 
or rum (e) 1 fluid oz. 
Coffee lf ozs. 
or tea a T T T Cy oz. 
Salt (rock or evaporated) us = m $ oz. 
Chillies dried... 7 14 2. | Foz. 
Condiment powder ‘ es ex 702, 
or masalah fresh ie i T + oz. 
or ginger an T zs En | 2 oz, 
or garlic i + oz. 
or turmeric .. | ia Ja me 7 OZ. 
or chillies  .. Hi ei da 2 OZ. 
Compound vitamin tablet (on medical recommendation) .. 1 No. 
Cigarettes Indian troops (weekly) és Ga 50 No. 
or tobacco (weekly) T T T 2 ozs. 
or sugar (weekly) es EA oe 4 OZS. 
Matches (weekly) T ai T 2 boxes. 





Notes: — (a) When ‘ meat and vegetable ’ ration is issued the scale of issue of 
vegetables fresh and potatoes fresh will be reduced to 4 ozs. 
and 2 ozs, respectively, with a corresponding reduction in 
the scale of issue of the alternative items. 


(b) When any one of these items are issued an extra issue of oil cooking 
1 oz. will be made. 


(c) Milk ghee will be issued thrice weekly and vegetable ghee four times 
weekly when stocks permit. 


(d) This item may be issued in lieu of vegetable ghee. See Note(c). 


(e) To be issued under authority of local military commander when 
recommended by medical authorities. | 
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Remarks :—Constituents of beverages: 


Tea Cocoa 
Tea 4 oz. Cocoa i oz. 
Milk tinned (United Milk tinned (United 

Kingdom or Dominion) ¢ oz. Kingdom or Dominion) £ oz. 

or milk tinned (USA) 1 oz. or milk tinned (USA) 1 oz, 
a or milk fresh 2 ozs. or milk fresh 2 ozs. 

ugar l oz. Su , 
Forward Scale : 3 ia she 

Cigarettes 60 No. 

or tobacco 2 ozs. 

TABLE XLIX 


Scale of rations for Chinese troops in Indra. 


tia Se o a pd AS A A a e A a A A 


Articles : | Scale 


o. 








Atta or flour .. | 6 ozs. per man per day. 
Peanuts (roasted) (without shells) we 3 ozs. per man per day. 
Peas/beans dried 3 ozs. per man per day. 
Rice i b .. | 20 ozs. per man per day. 
Vegetables fresh l de .. : 8 ozs. per man per day. 


Beef fresh 8 ozs. per man per day. 
Salt ration 2 oz. per man per day. 
Tea . 4 oz. per man per day. 
Sugar ł oz. per man per day. 


Oil cooking 

Toilet paper 

Firewood common 
Cigarettes (Indian troops) 


5 gallons per 1,000 men. 

5 sheets per man per day. 

3 lbs. per man per day. 
40 No. per man per week. 


AAA a a A A Ym pr 2e = 


— 





A 





rr dal 





TABLE L 
Scale of rations for the Chinese Air Force in India. 











Scale Equivalents (a) Scale 

Daily issues | 1 
Bacon tinned des 2 ozs. | Meat fresh i 4 ozs. 

or | or 

Eggs .. wi 2 No. Bacon tinned | 24 ozs. 

or | 
| Sausages tinned | 4 ozs. 

Beans/peas dried Loz. | | 

| 


Curry powder i 
Briquetted almonds and 


ł 

| 

| 
Bread vä os | 10 ozs. 
raisins - | 


- $ oz, | Fruit dried. 7 oz. 





epg i a NS 


| 
Articles Scale | Equivalents (a) 
Fruit fresh | 4& ozs. | Fruit dried 
Eggs ya EE 2 No. , 
Marmalade/golden syrup ; l oz. | Jam 
Margarine unfortified | 1} ozs. 
or | 
Butter | 1 oz. , Cheese 
Meat fresh 16 ozs. | Meat tinned 
Milk tinned 2ozs. : Milk fresh 
Mustard 100 OZ | 
Oatmeal .. l oz. Flour 
Onions | 2 ozs. Onions dehydrated 
Oil cooking l oz. | 
Pepper tig OZ. | . 
Potatoes fresh 8 ozs. | Potatoes dried 
Rice + 6 ozs. | 
Salt $ OZ. | 
Sugar 34 ozs 
Tea š 3 oz, 
-= Vegetables fresh 12 ozs. Vegetables dehydrated 
Marmite .. 3 oz. 
Cocoa or tea T 4 oz. (b) 
with sugar and milk | 
tinned ' 1 oz. (b) | 
or 
Rum 25° U.P. 2 ozs. (c) | 
Fuel 
Oil kerosene, 2nd quality | 
d es .. | 24 gallons 
Firewood (e) Ta 2 Ibs. 
Firewood (for hot bath) | 
(£) ia k | 2 Ibs. 


— 
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A i rat yh oe Re ew 


pet ee T 


— 


A aa m- 


ne ee ee a 








l oz. 





ees RE i NY rr 
> 


nn e S 


Remarks :—-When ‘ meat and vegetable’ ration is issued, the vegetable and 
onion portions of the scale will be reduced by three quarters. 
Pork will be issued three times a week in lieu of fresh beef. All 
issues Of milk will be tinned. 


Notes :—(a) 
(b) 


To be issued when fresh articles are not available. 
To meet special fatigue or bad weather conditions. 


(c) To be issued in most exceptional circumstances only or when 


cocoa or tea 


is not available. 


(d) Per oil cooker per day. 
(e) Per man per day when oil cookers are not used. 
(f) Per man per week on medical recommendation. 
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Tase LI 


ALFSEA field service scale of rations for Indian troops. 


aan seme re 




















| Maxi- | 
{ mum | Alternative (fresh ; | Maxi- 
Articles Scale | issues ; supplies if oa | Scale fien 
| ma | able) | issues in 
| [month O emoh 
Daily issues | | | 
| j ! l 
Atta | 24 ozs, | 30/31 | Bajra | 24 ozs.) 5 
or 
Rice | 16 ozs. | 30/31 > Fowar | 24 ozs. | 5 
and | 
Atta (a) 8 ozs. | 30/31 
Dal 34 ozs. | 30/31 | 
Ghee (b) 23 ozs. | 30/31 | Milk fresh (A ; (d) 
or | ‘ i 
Oil cooking refined | ! Oil cooking refi- ` l 
(including mustard | , ned (cocoanut | l 
varieties) (c) 22 ozs. | 10 ; varieties) (c) : 22 ozs. | 10 
Milk fresh | ozs. | 30/31 ` | 
or í ; : 
Milk tinned (United 
Kingdom or Domi- | : po 
p. si .. | 22 ozs. | 30/31 | | 
$ i | 
Milk tinned (USA) | 3 ozs. | 30/31 | | 
Onions fresh | 2 ozs. | 30/31 : Onions spring, , i 
| | | green ; Sozs. | 20 
or i i 
Onions dehydrated | oz. | 30/31 | ' | 
Forau fresh | & ozs. | 30/31 | Sweet potatoes | Jozs. : 15 
i l | 
Potatoes dehydrated loz. i 24 ¡ Yam (ordinary ` 
or e ' or elephant) ; 4ozs. : 15 
Potatoes tinned . | 2% ozs. | 30/31  : Vegetables fresh | 4 ozs. : 20 
Vegetables fresh (e) | 8 ozs. | 30/31 : Fruit fresh, citrus. 4ozs. 24 
or : 
Vegetables dehy- | ' Fruit fresh, non- . i 
drated (f) 3 | 2 ozs. | 24 _ citrus | 8 ozs. ; 24 
or | : 
Dal for germinating | 2} ozs. , 8 | | 
or : 
Vegetables tinned(f); 4 ozs. | 24 
Cheese tinned loz. | 30/31 ¡ Cheese, tal] | 
| | ` local l Loz | 30/31 
| Cheese cream | loz. | 30/31 
| | Eggs | 2 No. | 30/31 
Sugar | 22 ozs. | 30/31 | Gur 4 ozs. | 30/31 
A A PA 
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Maxi- | Alternative (fresh Maxi- 
Articles Scale mum | supplies if avail- | Scale mum 
issues in | able) | issues in 
a month; | a month 
Salt, rock or evapo- | | | 
rated .. .. | joz. |30/31 | | 
Tea | 2 oz 30/31 
or | | 
Coffee .. | Up ozs. | 30/31 | 
Condiment porda # oz. | 30/31 : Masalah fresh 14 ozs. | 30/31 
| | Chillies | $ oz 30/31 
| | Coriander | F oz 30/31 
| Cumin | 7 oz. | 30/31 
| Garlic | 7 OZ 30/31 
| Ginger F OZ. 30/31 
, Tamarind 7 OZ 30/31 
. Turmeric 7 OZ. 30/31 
Meat fresh(with bone)| 4 ozs. | 30/31 | Eggs 2 No. | 15 
or | 
Meat on hoof } 8 ozs. | 30/31 | Dahi | 8ozs. | I5 
or | 
Meat dehydra- { (g) 2 ozs. | 15 | Milk fresh ¡ 8 ozs. | 20 
ted or 
Milk tinned (United 0 
Kingdom or Domin- | i 
ion)... .. | 34 ozs. | 
or | 
Milk tinned (USA) | 4% ozs. | 
Herrings, tinned .. 2 ozs. | 30/31 | Fish fresh | 6 ozs. 15 
or | 
Sardines, tinned | loz. | 5 | Fish smoked | 6 ozs. 15 
or | | 
Salmon or other | 
fish tinned .. | l$ ozs. | 30/31 į Milk fresh 7 ozs. 20 
or 
Meat fresh (with | i 
bone) .. .. | 3 ozs. | 30/31 |! 
Fruit fresh .. | 3$ ozs. | 30/31 : Vegetables fresh | 4 ozs. 15 
or 
Melons, mangoes or | | | 
bananas e 8 ozs. | 30/31 | Sugar cane | 8 ozs. 5 
or | 
Oranges or lemons 4 ozs. | 30/31 | 
or 
Fruit tinned .. 2 ozs, | 30/31 ' 
or- : 
Fruit dried .. | Gon | 5 | 
| 


Os A A 
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-i a TR 


i 
Maxi- ¡Alternative (fresh 





Articles Scale mum 
issues in | 
a month 
Oil kerosene, 2nd EE 
quality per cooker 
per day .. 2} 
gallons ; 


or 





Firewood per man 
per day when oil 
cookers are not used 














] 
| 
} 
i 
(h) da -.| 21bs, 
Thrice weekly issues | 
Jam l oz. | 
Weekly issues | 
Cigarettes .+| 40 No. | 
or | 
‘Tobacco 2 ozs 
or i 
Sugar ..| 4ozs | Gur 
Matches, safety 
for smokers 2 boxes 
for non-smokers. .! 1 box i 
Sweets, boiled 2 ozs. - Gur 
or 
Sugar... .-| 2 ozs 
To be issued under the : 
orders of local mili~ | 
tary commander (not | ! 
below the rank of | | | 
lieutenant-colonel), | | i 
Cocoa | | | 
or (i) (k) | loz. | | 
ea Foz. | | 
with sugar | l oz. | | 
and milk fresh ..; 3 ozs. | 
or 
Milk tinned ž . | l oz, | 
or | 
Rum 25° U.P. | | | 
G) &) 2 ozs. | | 
To be issued on medit- i ; 
cal recommendations | 
Compound vitamin 
tablet ..; I No. 
Firewood, for hot 
baths per man per 
week sR ..| 2 Ibs. | 


supplies if avail- 
able) 


marien XP PO o A ño a a GLE eR A A A IO AIR WF AMI — 


Ln 


IS 
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Scale 


6 ozs. 


3 ozs: 





i mum 
' issues in 
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Notes :— (a) The proportion of atta could be increased if desired, provided 
i that the total of atta and rice did not exceed 24 ozs. 
(b) Milk ghee issued thrice weekly and vegetable ghee four times a 
week when stocks permitted. 
(c) These items were drawn in lieu of vegetable ghee against note (b), 


(d) If the full issue of ghee was not desired it was underdrawn to 
the extent of ł OZ. and replaced by milk fresh if local supplies 


permitted on the scale 3 oz. ghee=9 ozs. milk fresh. 

(e) Vegetables included not less than 50 per cent. from the following 
varieties :— 

(i) Any green leafy variety (wherever possible included not 
less than 25 per cent.) ; 

(ii) carrots, (iii) cauliflower, (iv) knol khol, (v) cluster 
beans, (vi) tomatoes and (vii) turnips. 

Other varieties were normally from those laid down in 
RIASC specifications, but if necessary any additional 
types were used if approved by the medical authorities. 

(£) When the extent of substitution of vegetables dehydrated or 
tinned for vegetables fresh exceeded 50 per cent. and fruit 
fresh was not available in lieu, germinating pulses were 
issued at least twice weekly. If necessary compound vitamin 
tablets were given on medical recommendation. 

(g) Meat was of goat or sheep, slaughtered in accordance with caste 
rules. 

(h) In exceptional circumstances, e.g., the nature of fireplaces or 
other causes rendered an increased scale necessary, local 
military commanders authorised an increase in the scale 
not exceeding 2 lbs. per man per day. 


(i) To meet special fatigue or bad weather conditions. 


(j) Was to be issued only in most exceptional circumstances or 
when cocoa or tea was not available. 


(k) Issues made on the authority of the local military commander 
when recommended by the medical authority. 


Remarks :— 1. The maximum issues in a month represented the extent to which 
substitution of the standard article was permissible, and 
were based on consideration of nutrition and catering. 
Units were, however, entitled to draw the following 
standard articles as substitutes, if available, according to the 
wishes and customs of the men, subject to the maximum 
quantities laid down: 


(i) Atta or rice (ii) meat or any substitute shown. 


9. Each item of the ration scale, together with its substi- 
tute, was self-contained and to replace one substitute by 
another from a different group was not permissible. 


3. Dals were natural substitutes for each other. Therefore, in 
submitting indents, the general term dal was entered in 
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the demand. A preference for any particular kind of dal 
was, however, indicated on the indent and, if possible, the 
kind indicated was issued by the RIASC. For troops 
located over 3,000 feet above sea level, dal masur was speci- 
fied as this dal could be easily and quickly cooked at that 
altitude in boiling water. À 

4. The occasions on which and the scale at which ice was issued 
were determined by the Army Commander on the recom- 
mendation of the medical authority. These were published in 
Army Order, Attention was drawn to Special Indian 
Army Order No. 15 of 1944 for rail journeys. The 
following scales were given as a guide for barracks, camps 
and road journeys, etc. 


When ice boxes When ice boxes 
were provided were not provided 


In barracks 1 tb. 2 Ybs. 
In camps and on road 

journeys 2 ibs. 3 ibs. 
In operational areas 1 Ib. l Sb. 


5. Army Commanders, on the medical recommendation, authori- 
sed the issue of extra salt subject to a maximum of I oz. 
per man per day at any time of the year. 


6. Where meat on hoof was issued, the skin remained the property 

of the government and disposed of through contract or 

otherwise at a price which was consistent with the prevailing 
market rates. i | 
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ALFSEA field service scale of rations—British troops. 


ere ane etree a 


| 

















Maxi- 
mum 
Articles Scale | issues 
in a 
month 
Bread . | l4ozs. | 30/31 
or biscuit service | 9 ozs, (a) 
or biscuit shakarpara| 9 ozs. (a) 
or flour (b) .. | 10$ ozs. 4 
Meat, frozen import- 
ed (with bone) 12 ozs. | 30/31 
or meat frozen im- 
ported (boneless) 9 ozs, | 30/31 
or meat fresh (c) 17 ozs. į 30/31 
or meat tinned/lun- 
cheon meat (d) 9 ozs. 15 
with pickles 7 OZ. | ia 
or chutney TE Oz. ón 
or sauce . E fluid oz. 
or variety meats (e) | 9 ozs. 15 
or “meat and vege- | 
table’ ration (f) 16 ozs. | 15 
or meat dehydrated 4 ozs. 10 
Vegetables fresh | 
g ne ..| 12 ozs. | 30/31 
or vegetables tinned | 6 ozs. | 24 
or vegetables dehy- 
drated (imported) 14 ozs. | 30/31 
or beans tinned 6 ozs 8 
or dal split 2$ ozs 12 
Potatoes fresh 12 ozs 30/31 
or potatoes tinned 8 ozs 30/31 
or potatoes dehyd- 
rated (ex-India) 3 ozs. ; 24 
or potatoes dehyd- 
rated (ex-United 
Kingdom) . | 24 ozs. 
Onions fresh 2 ozs. 
or onions dehydra- 
ted (ex-India) $ oz. 30/31 
or onions dehydra- 
ted (ex-United 
Kingdom) .. | @ oz. 30/31 
6 ozs. | 30/31 


Fruit fresh 





OE I e a 


SAS E a a aa LC TC CE e e 





Alternative (fresh 
supplies if avail- 
able) 


Tongue 


Ham, cured 
Heart 


Tail 

Kidney or liver 

Poultry or rabbit 
(live weight) 

Poultry or rabbit 
(dressed weight) 

Meat frozen (with 
bone indigenous) 


Fish fresh 


Sweet potatoes 


O eg ane Np rT th tS a 


Scale | 
| 





PA A a ii 
a 


| 
| 
| 
| 
| 


Maxi- 


issues 


NS NI el 


24 | 
30/31 | Onions spring green 2 ozs. | 20 
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l | Maxi Alternative (fresh | | | Maxi- 
Articles Scale | mum supplies if avail- | Scale | mum 
issues in | able) | | issues in 
a month; | la a month 
or melons, man- | a | 
goes, bananas, pine- | | 
apples or pumaloes| 9 ozs | 30/31 | 
or Oranges or | 
lemons .. 74 ozs. | 30/31 | 
or fruit tinned 3 ozs. | 30/31 ; | 
or fruit dried $ oz. 5 
Milk fresh .| 10 ozs. | 30/31 | 
or milk tinned (Uni- | 
ted Kingdom or | | 
Dominion) 4 ozs. | 30/31 | | 
or milk tinned(USA) 5 ozs, | 30/31 ; | | 
or milk powder alt | 
cream) . i$ ozs 7 ` | ! 
Cheese crated loz. | (if avail- | 
| able) i | 
or chocolate vita- | | 
minised HC (eat- 
ing) (h) 2 ozs. | g ; 
or cheese tinned l oz. | 30/31 | Cheese matured, | 
| Jocal cheese, 
| | cream | 1 oz. | 30/31 
Margarine or butter : | 
(fresh or tinned) | 14 ozs. | 30/31 | 
Cooking fat (1) 14 ozs. | 30/31 | | 
or oil cooking, hy- | | | 
drogenated (i) 14 ozs. | 30/31 | 
Dals split oz. | 30/31 | Lentils 4 oz. 10 
Bacon MC 34 ozs. ¡(if avail- | 
able) | 
or bacon tinned | 3ozs. | 30/31 | Ham cured 04 ozs 15 
or sausages tinned | 4g ozs. | 15 | Bacon HC 133 ozs. 30/31 
or luncheon meat 3 ozs. l0 | Eggs | 2 No. 30/31 
Herrings tinned | 4 ozs | 10 | Fish smoked (with | 
| | bone) 5ozs | 15 
siman timed | Som | 15 | Fish fresh (fillets) [3 ozs. į 30/31 
or sardines tinned | 2ozs. | 10 | a (unclean- | 6 ozs. | : 30/31 
e 
or other fish tinned | 3 ozs, | 10 y i 
Fruit dried 0 i $ oz, ¡30/31 | 
Sa (j). “a 34 ozs. | 30/31 ; : 
| 2 = 30/31 ! 
or af msmiidade | 20 15 | | 
or golden syrup 2 os 15: 
2 ozs. 15! | 


or honey K 


si ga se A T 
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pe a mY Ali ce eam nde 


Maxi- rg Alternative (fresh Maxi- 





| 
Articles | Scale |- mum apples if avail- | Scale mum 
| issues in able) issues in 
| ¡a month a month 
—_-—zzMMMMMMA, - A A 
Oatmeal .. | Loz. | 30/31 | Indian corn (or | 
| cob) 8 ozs. 10 
or rice | I oz. | 15 
Flour (i) | 2 ozs. | 30/31 
Tea | Foz. | 30/31 
or coffee 2} ozs. 7 
or cocoa .| 1} ozs. (k) 
Saltrefined or evapo- | | 
rated i oz. , 30/31 
Meat tinned  .. i joz. | 30/31 
or luncheon meat _ 402. | 30/31 
— = p3 100 oz. ma | 
e Y es = t OZ, 30 H 
sie powder .. i Ki | Soil Herbs fresh _ 15 - 
| TOD OZ. P | TF OZ. 
Baking powder (i) [ a6 oz | 30/31 | 
or custard pues) zo oz. | 30/31 | 
Vinegar | 4 fluid | 
| oz | 30/31 | . 
Fruit juice > | fa | 30/31 | 
or orange crystals | 2 oz, |} 30/31 | 
or lemon crystals | 4. oz. | 30/31 | 
Cigarettes | 50 No. | | 
or tobacco ae | 2 ozs. | | | | 
Matches, safety | 9 boxes | | | 
To be issued on the order | | | | 
of the local military | | i 
commander (not below ` | | : 
the rank of lieutenant- | E | 
colonel) | | 
Cocoa (1) (n) Y pint | | | 
or tea . | 1 pint | | 
or rum 25° U.P | 1 fuid | | 
(m) (n) | OZ, | 
Compound vitamin | 
tablet (0) -- | 1No. | 








a ra I ral SR N 


Notes :—(a) As operationally necessary. 
(b) At unit request only. 


(c) Meat fresh would normally be beef, but mutton, veal or pork 
could be issued as occasional alternatives at the same scale, 
if available locally. Piggeries were approved by the local 

. medical authorities. Mutton was issued where local religious 
prejudices rendered the issue of beef undesirable. 
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(d) The term meat tinned included beef and mutton tinned. 


(e) The term variety meats included steak and kidney, steak and 

see pudding, Irish stew, camp pie, stewed steak and haricot 
-tail. 

(f) When ‘ meat and vegetable’ ration was issued, the vegetable 
and potato elements of the scale were reduced by half. 

(g) Vegetables fresh included not less than 30 per cent. from the 
following varieties: (i) any green leafy type, (ii) beetroots, 

(iii) carrots, (iv) turnips, and (v) cauliflower. 

(h) Chocolate was issued twice weekly in lieu of cheese if available. 


(i) An issue of cake, fruit tinned 4 ozs. or pudding various tinned 4. 
ozs. (excluding rice pudding) was made in lieu of the issues 
of fruit dried, flour and baking powder/custard powder and 
+ oz. cooking fat/oil. 


(j) 4 ozs. boiled sweets were issued weekly in lieu of 4 oz. daily of 
the sugar issue. 


(k) Cocoa was issued once weekly in summer and twice weekly in 
winter, 

() To meet special fatigue or bad weather conditions; Ingredients:— 
tea ¿0z. or cocoa } oz. with sugar $ oz. and milk tinned 
(United Kingdom or Dominion) £ oz. or milk tinned (USA) 
l oz. or milk fresh 2 ozs. j 


(m) Issued only in most exceptional circumstances, or when tea or 
cocoa was not available. 


(n) Issues were made under the authority of the local military com- 
mander, when recommended by the medical authorities. 


(o) To be issued on medical recommendations. 


Remarks :— 1. The maximum issues in a month represented the extent 
to which substitution of the standard article was permissible 
and were based on considerations of nutrition and catering. 

2. Substitutes other than those authorised were not issued 
without the sanction of Headquarters, ALFSEA. Each item 
of the scale, together with its substitute, was self-contained, 
and to replace one substitute by another from a different 
group was not permissible. 

3, The occasions on which and the scale at which ice was issued 
were determined by the Army Commander on the recom- 
mendation of the medical authorities. These were publish- 
ed in Army Orders. Attention was drawn to Special 
Indian Army Order No. 15 of 1944 for all journeys. The 
following scales were given as a guide for barracks, camps 
and road journeys etc. :-— 


When ice boxes were When ice boxes were 
provided not provided. 
In barracks 1 Ib. 2 Ibs. 
In camps and on road 
journeys 2 Ibs. 3 Ibs. 
In operational areas 2 ibs. 2 lbs, 


Army Commanders could on medical recommendation 
authorise the issue of extra salt, subject to a maximum of 
] oz. per man per day, at any time of the year. 
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Middle East field service ration scale. 





Basic items 





Articles 





Quantity 





C 


Equivalent (To be issued only when 


fresh item was not available) 


Quantity 


Articles 














Rice IN “3 


Bacon, tinned . 2 ozs. 
or bacon, mild cured 3 ozs. | 
or sausages, tinned 4 ozs. a 
Baking oe ay OZ. | 
Bread ; 14 ozs, Biscuits 1104 ozs 
or flour .. .» ¡10% ozs. | 
Cheese z5 se ; $02. S 
Flour tee 2 ozs, 
or oatmeal . 2 ozs. 
Fruit dried I oz. | 
Fruit fresh ; 4 ozs, 
Herrings, tinned in $ oz. i 
or sardines, tinned 2 oz. i 
Jam or marmalade 2 ozs. ' 
or golden syrup T | 14 ozs. 
Margarine | 14 ozs. | 
Meat, fresh, local, with bone 12 ozs. Meat preserved | 6 ozs 
| | and pickles $ oz. 
or chutney yz OZ 
or meat, frozen, with bone! 8 ozs. 
or meat, frozen, boneless| 6 ozs. 
Meat, preserved e $ oz. | 
Milk, fresh .. aX 8 ozs. Milk, tinned | 2 ozs 
>] and milk powder FCSU| 3 oz 
| or milk, tinned 34 ozs 
| or milk powder FCSU | 1,4, ozs 
(once weekly) | 
Mustard Sa 100 OZ. 
Oil, cooking .. on | $ oz. | | 
Onions n 9 ozs. 
Peas/beans/lentils | 1 oz. 
Pepper + [r00 02 
or curry powder :. | hoz. 
Potatoes, fresh 8 ozs Potatoes, tinned 4 ozs. 
and rice 1} ozs. 
or potatoes, tinned 4 ozs. 
| and onions 14 ozs. 
| and groundnuts | $02. 
or Potatoes, tinned 4 ozs. 
| and rice 14 ozs. 
and onions 14 ozs. 
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ded) and para 53. 


Basic items | Equivalent (To be issued only when 
fresh item was not available) 
Articles | Quantity | Articles Quantity 
| | 
Salmon i Foz. | 
Salt | oz. i 
ue | 3 ozs. | 
ea T 4 oz. : 
| 
Vegetables, fresh | 8 ozs. . Vegetables, tinned 
| and peas/beans/lentils oz. 
Rum de EA fides} Issuable only under the ‘ 
or cocoa | ey 1 pint | authority of a divisional 
comprising : è or equivalent comman- 
cocoa è 1 oz. ' z der in accordance with 
sugar s ‘ $ oz. ¡| Allowance Regulations 
milk, tinned .. £ oz. J 1938, para 34 (as amen- 
| 


43 

j 

| 

| 

2 ozs. | 





Tobacco or cigarettes (per | 
week) ' | 
Matches (per week) -» ; 2 boxes | 
Yeast, desiccated (per 100 : 
men per week) .. 1.8028. | 
A A A ee eee 
Remarks :— 


The above ration scale applied to:— 


British troops. 
NZEF (see Note (b)) 


Union Defence Force (Europeans and Cape Corps) (See Notes 
(c) and (g)} 

French (Europeans, North Africans and Pacific 
Units, except those in Ninth Army) 
{see Note (d)} 

Greek troops [See Notes (e) and (h)] 

Polish troops 

Czechoslovakian troops 

Yugoslay troops 

Maltese troops 

Mauritlan troops 

Seychellois troops 

Cypriot troops serving óutside Cyprus 

Ceylonese troops 

Belgian troops (Europeans) 

Palestine regiment 

American Field Service 

Russian troops 

Notes :— 


(a) 20 ozs. of ‘meat and vegetable’ ration was issued only when 
none of the following was available: Fresh or frozen meat, 
fresh potatoes, onions and vegetables. 
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(b) New Zealand troops in BTE Command drew butter 1} ozs. 
in lieu of m ine (provided at the expense of the Govern- 
ment of New Zealand). 

(c) Union Defence Force troops were entitled to the following 
additions to the ration scale (provided at the expense of the 
Union Government) :— 


Coffee | loz. 

Sugar 2 OZS, 

Mealie meal 2 ozs. 

Cigarettes (per week) 50 pieces 
or tobacco (South African) (per 2 ozs. 
week) 


(d) French troops were entitled to coffee 3 oz. (when available) in 
lieu of tea $ oz. and to $ litre of wine per week, the latter on 


payment. 
(e) Greek troops drew coffee $ oz. (when available) in lieu of tea ¿ oz. 
(f) Allied boys drew the following additional rations as a supper 


element :— 
Cocoa $ oz. 
Milk, fresh 2 ozs. 
Sugar $ oz. 


(g) Cigarettes or tobacco issued to Union Defence Force troops in 
respect of the complete ration were of South African manu- 
facture. 

(h) Greek troops in MEF drew 1 oz. macaroni Grade II and 1 oz. 
flour as an alternative to 2 ozs. flour. 

(GO 748/1944 as amended by 801/1944, 1048/1944, 1105/ 
1944, 1152/1944, 1208/1944, 1230/1944 and 41/1945). 


Taste LIV 
Middle East ration scale—Equivalent issues. 


1. General equivalents 


In order to conserve shipping tonnage to the full by the exploitation of 


local resources, equivalents were issued wherever possible to all troops in the 
Middle East in the following ratios:— 


(a) 


(b) 


Herrings, tinned 4/7 oz.) =Egg 1 No. 
or salmon, tinned 3/7 oz. or fish, fresh, undressed 3 ozs. 
or sardines, tinned 2/7 oz. f or fish, smoked 14 ozs. 
or tongue, fresh | 4/7 oz. 
or tongue, preserved and pres- 
sed 2/7 oz. 
or kidneys, fresh l oz. 
or meat, fresh (in Sudan 
Command only) 14 ozs. 
Bacon, tinned 2 ozs, | —Sausages, fresh 4 ozs, 
or bacon, mild cured 3 ozs. + (not more than twice weekly) l 
or sausages, tinned -4 ozs. j or eggs 2 No. 
or offals, fresh 4 ozs. 


or fish, fresh undressed 6 ozs. 
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Notes: — (i) Fresh sausages were purchased only 
the medical authorities. 


(ii) The following tinned equivalents were used as necessary when 
fresh alternatives were not available :— 


from sources approved by 


Bacon, tinned "> a 2 ozs.) = Herrings, tinned 4 ozs. 
or bacon, mild cured 3 ozs. or salmon, tinned 3 ozs. 
or sausages, tinned .. 4 ozs. or sardines, tinned 2 ozs. 

(c) Frozen meat, with bone 

6 ozs. = Ox liver (not more than 4 ozs. 


once weekly} 
2. Provision of local equivalents 


(a) Normally the RASC made all arrangements for the purchase of fresh 
commodities, which were issued to units with the remainder of the 
rations. The RASC supply officer was responsible for the inspec- 


tion of supplies and for the passing of bills for payment on receipt 
of AF P1922 from contractors. 


(b) (i) When RASC supply could not be arranged, commanding officer, 
unit or station, purchased locally if a suitable contractor exist- 


ed and prior permission from the supply officer had been 
obtained. 


(1) Commanding Officer, unit or station, ensured that fresh equiva- 
lents purchased by him were fit for consumption. If consider- 


ed necessary, fresh supplies were inspected by a medical officer 
before acceptance. 


(iii) Bills for these transactions were submitted on AF P1922 to the 
RASC supply officer who, when passing them for payment, 
attached a certificate stating that the unit was not issued with 
the corresponding items authorised in the ration scale. 


(iv) The supply officer ensured that prices of local produce purchased 
under sub-para (1) above were reasonable, and he was empow- 
ered to veto future deliveries from any contractor whose 
prices he considered to be excessive. 


(v) In no circumstances was payment for such purchases made 
through unit imprest accounts. 


3. Additional equivalents 


Proposals from formations and units to add further local equivalents 
that were available as alternatives in the various ration scales were submitted 
through staff channels to GHQ, MEF. 


4, Equivalents for onrons | 
When onions were available, fresh vegetables were issued on all ration 
scales in the ratio: — 
Onions .. sa 2 ozs. = Fresh vegetables 2-1/2 ozs. 


5. Scale of issue of fresh fruit 
(a) Where in any ration scale the issue of fresh fruit at 4 ozs. was 

authorised, actual issues were made on the following basis:— 

Melons, bananas or mangoes to be issued at 6 ozs. 
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Oranges or lemons to be issued at 5 ozs. or one orange or lemon, 
whichever was the greater. 
_ Any other type of fresh fruit to be issued at 4 ozs. 

(b) When fresh fruit was not available, tinned fruit 2 ozs. was issued in 
lieu, and if this also was not available, dried fruit 4/7 oz. was 
issued. 

(c) On any scale where the specified issue of fresh fruit was other 
than 4 ozs., the above was applied, pro rata. l 


6. Scales of issue of dried potatoes and dried vegetables 
(a) The scale of issue of dried (dehydrated) potatoes was one quarter 
of that of fresh potatoes, on all ration scales affected. Thus 
on the MEF scale the issue of dried potatoes was 2 ozs. 
(b) The scale of issue of dried (dehydrated) vegetables was one-eighth 
of that of fresh vegetables on all ration scales affected. Thus 
on the MEF scale the issue of dried vegetables was 1 oz. 


7. Scale of issue of fresh pork 
The scale of issue of fresh pork was that of frozen meat, with bone, 
on all scales affected. Thus on the MEF scale the issue of fresh 

pork was 8 ozs. 


8. Scale of issue of sheep's heads 


When available, sheep’s heads 24 ozs. issued in lieu of meat, 
fresh, local with bone, 12 ozs. l 
(GO 410/1943 as amended by 610/1943, 1516/1943, 20/1944, 
102/1944 and 1047/1944). 


Preserved meat equivalents 

Future issues of preserved meat and ‘meat and vegetable’ ration 
consisted partly of the following alternatives, the equivalents being as shown 
hereunder :— 


Stewed steak .. .. 6 ozs. 

Steak and kidney .. 6 ozs. 

Corned mutton .. 6 ozs. Equivalent to: 

Luncheon meat .. 6 ozs. Preserved meat 6 ozs. 
Steak and kidney pudding.. 6 ozs. or 

Steak and carrots .. 6 ozs. Frozen meat with 

Eire steak ae .. 6 ozs. bone 8 ozs. 
frish stew es . . 20 ozs. 


or American field ration, 
Type C-M1 component 16 ozs. 


and potatoes fresh .. 6 ozs. 
or equivalents for 
potatoes fresh .. § ozs. Equivalent to 
or American field ration, ‘meat and vege- 
Type C-M2 component 20 ozs. table’ ration 20 ozs. 
or shepherds pie -. 16 ozs, 
or cottage pie .. 16 ozs. 


and vegetables, fresh 8 ozs. 

or equivalents for 

vegetables, fresh .. 8 ozs. 
or American field ration, | 

Type C-M3 component 24 ozs. J 


Middle East ration scale for IMNS and QAIMNS. 
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Basic items 








Bacon, MC 


or sausages, tinned 
Baking poe 
Bread 


Butter 

Cheese 

Coffee 

Dried fruit 

Flour 

Melons, bananas or 
mangoes 
or oranges or lemons 

(or l orange or 1 lemon, 

whichever was the 
greater) | 
or other fruit, fresh . a 
or fruit, imed 

Jam or marmalade | 
or golden syrup | 

Meat, fresh ser 
or meat, frozen, with bone 
or meat, frozen, boneless 

Meat, preserved 

Milk, fresh 

Mustard 

Oatmeal ‘ 

Oil, cooking .. 

Onions 

Peas/beans/lentils 

Pepper 
or curry powder les 

Potatoes, fresh. . ES 


Rice 
Salmon 
Sardines 

or herrings 


Quantity 
Va 24 ozs. 
or bacon, tinned T 14 ozs. | 







Eggs, dried 
3 ozs 
En OZ. 
10 ozs Flour 
or biscuits 
14 ozs Margarine 
Í oz. Chocolate 
4 oz. Tea 
% oz 
1 oz. 
Dried fruit 
9 ozs 
74 ozs. | 
6 ozs 
3 ozs 
14 ozs 
14 ozs Meat, preserved 
9 ozs and pickles 
6 ozs 
44 ozs aai 
$ oz 
8 ozs Milk, tinned 
150 0Z 
l oz. Flour 
5 OZ 
2 ozs 
1 oz 
100 OZ 
gp OZ. ; 
6 ozs Potatoes, tinned 
and rice 
or onion 
, and rice 
l oz. Macaroni 


Equivalent (To be issued only when 
básic item was not available) 


pons 
rip 
ja] 
a 


«fo 
R 


44 ozs. 


„H 
i 
Š 


le OZ. 


1 
3% OZS. 


R 


NETOP pn 4 ete A A TAN A TN 


3 0zs. 
| oz. 
I oz. 
1] ozs. 
l oz. 
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at a tne eee A pa a PA a E E 
i 








Basic items Equivalent (To be issued only when 
basic item was not available) 
Items Quantity Items | Quantity 
Salt T kg $ OZ. 
Sugar “3 re 3 ozs. 
Tea = $ oz. 
Vegetables, fresh T 10 ozs, Vegetables, tinned _ 34 ozs. 
| and peas/beans/lentils | 3 oz. 
Cigarettes (per week) .. 1 No, | 
Matches (per week)... 1 box | 
Desiccated yeast (per week | 
per 100 entitled go | 
nel) T 8 ozs, | 


AA A e a O e L Ai DA tt ge! 


Remarks:—16 ozs. of ‘meat and vegetable’ ration was issued only when none 
of the following was available: Fresh or frozen meat, fresh 
potatoes, onions and vegetables. 

(GO 1186/1944 as amended by 1308/1944 and 41/1945). 
Convalescent depots (Women Services):—-The ration scale 

above was applicable to convalescing personnel of women 

services in convalescent depots, with the following additions :— 


Milk, fresh 2 ozs. 

or miik tinned = OZ. 

Fruit, fresh 2 ozs. 
do 


Skimmed milk powder 
(GO 678/1943 as amended by 1427/1943 and 126/1944). 
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TABLE LVI 
Middle East ration scale for Indian troops. 
iota a OR o A 
Items - Quantity 
Daily issues 

Atta 53 mp ss 20 ozs. 

or rice .. xa es 10 ozs. 

and atta id ox 10 ozs. | 
Dal dia = nee 3 ozs, | 
Ghee sá mm Ey 2% ozs. 
ag T is = | $02. | 

arlic .. oat - oz. ' 
Turmeric e EN i oz. | or condiment powder 4 oz. 
Ginger .. ra - 4 oz. | 
Salt za ba “$ $ oz. 
Milk, tinned  .. im 9 ozs. | 
Sugar .. fà si 3 ozs. 
Tea 7 T ói $ oz. | 
Onion .. 55 gs 2 ozs. | 
Potatoes h T 4 ozs. ` 
Vegetables, fresh (other than | 

potatoes and onion) en 4 ozs. 
Meat, fresh bn 2% 6 ozs. 

Thrice weekly issues 

Fresh fruit 2% oie 4 075. 


Weekly issues 
Cigarettes (Indian troops) .. 


or tobacco, dust es 
or leaf as Pi 2 ozs. 
or hookah (prepared) | 
Matches we 2 boxes 
Fuel 
Firewood a z5 3 Ibs. Per man per day when oil 
cookers were not used. 
Firewood (kindling) e 25 lbs. Per unit if oil cookers used. 
Oil, kerosene zi Fa 2} gallons | Per oil cooker per day (one 


cooker per 45 men) 


AA A ESAE A EE ee o 
Remarks:— 1. Opium, limited to 10 grains per day, was issued on payment 
on recommendation of medical authorities. 


9. Rum was issued at the scale given below :— 
Rum 25° U.P. 1 fluid oz. 
or tea } oz. or cocoa } oz. 
sugar 4 oz. 
milk, tinned $ oz. or milk, fresh 2 ozs. 

In view of the conditions existing in Middle East Command, subordinate 
commanders sanctioned the issue of rum or equivalents on very exceptional 
occasions, and when authority of the divisional commander was not quickly 
obtainable beforehand, provided that they reported without delay to the 
divisional commander for his covering authority. | 

3. Variations in the scale of atta and rice were made at the discre- 
tion of commanding officer unit provided the total weight 
issued did not exceed 1 lb. 4 ozs. 
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4, Oranges or bananas were issued to Indian troops as under:— 


Oranges 8 ozs. Once weekly in lieu of 4 ozs. 
or bananas 7 ozs. of potatoes. 

Oranges 5 ozs. Once weekly in lieu of 4 ozs, 
or bananas ` 4 ozs. of onions (2 days rations) 


5. The issue to Sikhs of 4 ozs. of sugar weekly in lieu of cigarettes 
was authorised. 


6. Equivalents for short issued items were as follows:— 


rt a a a eh ES ya TL at St me eh a eh TS ER AL a NT tm 


Items short issued | Quantity Quantity Substitutes Quantity 
Dai Peas, dried 3 








a 3 ozs. OZS, 
Ghee e 2% ozs. Qil, cooking 24 ozs. 
or margarine or butter | 1} ozs. 
and oil, cooking 1 oz. 
Meat, fresh, with bone Milk, tinned 44 ozs. 
| or ghee ¿ oz. 
| and atta or rice 3 ozs. 
or sardines, tinned 4 ozs. 
Milk, tinned A 2 ozs. Milk, fresh 5 ozs. 
| or milk (powdered cream)| M OZ. 
Onion 2 ozs. Fruit, dried | 13 ozs, 
| or fruit, fresh E ozs. 
or potatoes 14 ozs. 
| l or vegetables, fresh 3 ozs. 
Potatoes 4 ozs. Fruit, dried 4 ozs. 
| or fruit, fresh 8 ozs. 
or onion 6 ozs. 
or vegetables, fresh 8 ozs. 
or dried potatoes l oz. 
Vegetables, fresh (other | 4 ozs. | Potatoes 2 ozs. 
than potatoes and onion) or fruit, dried 2 ozs. 
| or dates l oz. 
' or fruit, fresh - 4 OZS, 
or haricot beans l oz. 
| ; or dal, whole 2 ozs. 
| or peas 2 ozs. 
| Or tinned vegetables 1% ozs. 
Tea $ oz. | Chocolate 4 oz, 
Chillies $ oz. Tamarind 4 oz. 
or condiment powder $ oz. 
Garlic . hoz. | Curry powder Tx OZ. 
or condiment powder 4 oz. 
Ginger 4 02. | Tamarind $ oz. 
or condiment powder $ oz. 
Turmeric +. 4 oz. Tamarind $ oz. 
or condiment powder $ oz. 
Firewood, common 2 1bs. Coal, steam 1 lb. 
Rum 25° U.P. 1 fluid oz.| Whisky 1 fuid oz. 





(GO 1365/1943, as amended by 1688/1943, 177/1944, 719/1944, 799/ 
1944, 1255/1944 and 1305/1944). 
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Middle East ration scale for Long 





> Ct ET. SLT OE te jm y rt m 


Range Desert Squadron (Indian). 


The Long Range Desert Squadron (Indian) received th 
of rations for Indian troops, with the following additions e present scale -+ 


(a) Special alternatives : 


Atta, 20 ozs. = Biscuit, 16 ozs, 
Meat, fresh, 6 ozs. =  Herrings, tinned, 3 ozs. 
(b) Addition of 2 ozs. Jam. 


(GO 540/1942 as amended by 1052/1942) 


EF A Y A o lr aie, 
AA e e ee 
-m ae 











Taste LVITI 
Middle East hospital ration scale for Indian troops. 


A me e e A ee 
A A A a a A A A e 





rl e, 


Items | Quantity 
Atta | 20 ozs. 
or rice | 10 ozs. 
and atta P | 10 ozs. 
Condiments, mixed | oz. 
Dal | 24 ozs. 
Ghee... | 24 ozs, 
Milk, fresh | 3 ozs. 
Mutton | 4 ozs. 
Onion : 2 ozs. 
Potatoes {4 ozs. 
Salt : oz. 
Sugar 2 ozs. 
Tea di 4 oz. 
8 ozs. 


Vegetables, fresh (other than potatoes and onion) 
Cigarettes (Indian troops) Es 
or tobacco dust 


or leaf ia 2 ozs. weekly 
or hookah (prepared) 
Matches, safety T 2 boxes weekly 


¿ 
| 
| 
| 
| 
| 
| 


Remarks:—Indian hospitals drew extras over and above the Indian hospital 
ration scale. These were issuable only when ordered by the 
medical officers concerned to the extent certified by them 
as necessary for the treatment of individual cases. 


(GO 834/1942 as amended by 1143/1942, 1560/1942 and 209] 
1943). 
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Middle East assault ration scale for Indian troops. 


a 








MR NR NTRA TA rf A nl te PC 





Items Scale per 48 hours, 








Shakarpara biscuits T 32 ozs. 
or biscuits, service (a) 24 ozs. 
and dried fruit 8 ozs. 
or biscuits, service 12 ozs. 
and dried fruit (b) 4 ozs. 
and chapatties T 16 ozs. 
Groundnuts .. mn 16 ozs. 
Raisins 8 ozs. 
or dates 8 ozs. 
Milk, powdered 4 ozs. 
Sugar 4 ozs, 
Tea 1 oz. 
Salt (c) 4 oz. 


> 


Remarks :—The above was the assault ration for Indian troops. It was design- 
ed to maintain troops for 48 hours, and was to be carried on 
the man. 

Noies:— (a) When shakarpara biscuits were not available and it was not practi- 

cable to prepare chapatties. 

(b) When shakarpara biscuits were not available and there was suffi- 
cient time immediately before the assault to prepare 
chapatties. (A chapatti will keep for about 24 hours). 


(c) For issue on medical recommendation only. 
(GO 1053/1942 as amended by 716/1943). 
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Tase LX 


Middle East operational ration scale for raiding forces and LRDC. 











Biscuits 


I 
Dates, dried . | A wie 
or raisins 9 
or sugar .. | 1 = 
Oatmeal J jz 
Lentils | ren 
023. 
or lentils 1 oz 
and rice ss | 2 ozs 
and dry vegetables Í oz. 
Cheese (in 12-oz. tin) .. E a 3 ors 
Tea, sugar and milk powder mixture em 3 24 ozs. 
or tea ie n PE 4 oz. 
and sugar p í mE- 2 ozs. 
and milk powder .. 7 as $ oz. 
or milk, tinned .. dl de 2 ozs, 
Chocolate me T i 2 ozs. 
or boiled sweets rr ee an S 2 ozs. 
or sugar .. 7 T 23 2 ozs 
Meat extract (when available) is ae 1 oz, 
and salt T ps “a: } oz. 
Lime juice powder 2 ozs 
or cocoa 2 oz. 
or tea $ oz. 
Curry powder za ; $ oz. 
Groundnuts, with shells . | 2 ozs. 
Tobacco or cigarettes 2 ozs. per week 
Matches ¡ 4 boxes per 
| week 
Compound vitamin tablet ] tablet 
Salt tablets (10 grains) | 5 tablets 


Remarks :—1. 
2. 


3. 


4. 


Dehydrated meat 
Bacon (in 16-oz. tin) 


os 





a here eae ene Ts 

Raiding forces drew rations at the above scale whilst actually 
engaged in raiding operations. 

This scale was never to be drawn for more than ten conse- 
cutive days. 


Indents for rations on this scale were signed by the commanding 
officer of the unit and certified that they were required for 
consumption during raiding operations. 

Salt tablets were issued only on a medical officer’s recommenda- 
tion and only for use in water bottles where drinking 
water was plentiful. 


Under War Office authority raiding forces and LRDG were 
entitled to draw up to 2} ozs. of rum per man per day, 
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when operating under physically arduous and cold condi- 
tions. 

6. The issues were made on the authority of the force commander 
under whose command units or sub-units of raiding forces 
or the LRDG were operating. Indents for such issues 
were signed by the commander or his principal administra- 
tive staff officer. 

7. Ifthe force commander authorised a unit or sub-unit to carry 
a specified number of days’ rum ration on a particular 
operation, the unit or sub-unit commander was responsible 
that the rum was only consumed under the conditions stated 
in para 5 above. 
(GO 1114/1943 as amended by 1288/1943, 1366/1943, 
46/1944 and 349/1944). 


TABLE LXI 
Middle East battle ration scale, 


| 


aa e ae ae a r a nT 





Quantity 
Items (IO rm __ A 
Ration “A? Ration ‘B’ 

Sausages | 4 ozs. "P 
Bacon .. am 2 ozs. 
Biscuits | 9 ozs. 9 ozs. 
Cheese T i 2 oz. 2 oz. 
Groundnuts (with shells) | 3 ozs. 3 ozs. 
Jam or marmalade ue 3 ozs. 3 ozs, 

or syrup 24 ozs. 21 ozs. 
Margarine os ons | oz. l oz. 
Milk, tinned as ae 2 ozs. 2 ozs 
Meat, preserved .. T Í 9 ozs. es 
* Meat and vegetable’ ration pa 16 ozs. 
Onions En 2 ozs. T 
Vegetables, tinned 24 ozs. Gi 
Salt ; 4 oz. 4 oz. 
Herrings, tinned | Foz | oz. 

or sardines, tinned ; $02. i 8o 

or salmon, tinned ac T -Š oz. | $ oz. 
Sugar .. An T P 4 ozs. | 4 ozs. 
Tea .. 1s ed se $ oz. $ oz. 
Cigarettes pi eS bi 10 No. | 10 No. 


r lA NL RN are r 


Remarks: All troops in MEF except Indians and the Sudan Defence 
Force, for whom special scales existed, were entitled to draw one of the above 
battle rations, A or B, on the authority of the commander of a force which, 
or part of which was undertaking an operation. These rations were not issued 
to any troops for more than ten consecutive days. When the battle ration 
was in issue, one box of matches was issued three times per week. 


(GO 1370/1942 as amended by 1503/1942, 882/1943 and 148/1944). 
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Tame LXII 
o _ Middle East battle ration scale for Indian troops. 

~ [tems TO Quantity 
Shakarpara biscuits 14 ozs 
or biscuits, service sä be a] 14 ozs, 
and groundnuts a ov su | 1 oz. 
Fruit, dried y Ñ .. | Bors. 
jam .. os pa T ' 2 ozs. 
Onion a 3 ozs. 
or fruit, tinne | 2 ozs. 
Milk, tinned 8 ozs. 
Sugar | 5 ozs, 
Tea . | 12 ozs, 
Groundnuts 2 ozs, 
Fish, tinned a i i 4 ozs. 
or meat, jhatka a = 4 ozs. 
or meat, halal i "E 4 ozs. 
Salt .. im a | Foz. 
Cigarettes (Indian troops) | 10 No. 


Remarks: The above rations, which were designed to maintain troops 
up to a maximum of seven days, were issued as battle rations to Indian 
troops on the authority of the commander of a force which, or part 

- of which, was undertaking an operation. When the battle ration was in issue, 
one box of matches was issued three times per week. 


(GO 1142/1942 as amended by 1502/1942 and 325/1943). 








TabLE LXII 
Middle East train ration scale. 
Items Quantity 
Bread (for first two days) .. a a T 16 ozs. 
or biscuits .. a6 T kå 12 ozs. 
Meat, preserved T "e T 8 ozs. 
Vegetables, tinned on T “x 3 ozs. 
Milk, tinned .. ia wb am 2 ozs. 
-Groundnuts, with shells vá wi so 2 025. 
Sugar ón ft T P 3 ozs. 
Salt .. -: «i 15 aie 1 Es 2 oz. 
Tea .. ate = eR ee $ oz. 
Jam.. a Y Bd e 2 ozs. 
Margarine T gè as am 1 oz. 
Fruit, fresh há T jy ei 4 ozs, 
Cheese wh jä ES > l oz. 


TA A AA E A E 

Remarks: For all movements by rail in excess of 24 hours on routes 
for which special feeding arrangements were made, rations were drawn on 
the above scale. This scale was authorised for troops who normally drew 
the MEF ration scale. If desired, bacon, tinned, 2 ozs. were drawn in lieu 
of bread, 2 ozs. (or biscuits, 14 ozs.) plus meat, preserved, 2 ozs. 


(GO 452/1944 as amended by 712/1944). 
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TaBLE LXIV 
Middle East train ration scale for Indian troops. 

o Items | Quantity 
Biscuits e ei S es 14 ozs, 
Fruit, dried a 7 ae 6 ozs. 
Fruit, fresh (when available) 8 ozs. 
or orange (in season)... se | 1 No. 
am.. e a T a 6 ozs, 
Milk, tinned `. x ha © | 4 0%s, 
Sugar ; a 3 ozs. 
Tea . 3 oz. 


=r ta eaae 


Remarks: For all movements by rail in excess of 24 hours on routes of 
which special feeding arrangements were made, rations were drawn on the 


above scale. 
(GO 452/1944 as amended by 712/1944). 


TABLE LXV 
Middle East medical comforts. 





{ Scale per 100 men 
Items per month 











Arrowroot qn T i me d 7 Ibs. 
Barley, pearl .. aig F a A 12 Ibs. 
Baking powder .. T es ao 3 10 lbs. 
Benger’s food .. dn kå ee * 3 lbs. 
Biscuits, fancy .. m a a 30 lbs. 
Horlick’s malted milk _ 8 ge da E 12 Ibs. 
Cocoa powder ... | 35 lbs. 
Jellies, fruit 150 packets. 
Jellies, calves foot | 50 packets. 
Tinned milk EN T By | 1,400 Ibs. 
Ovaltine or bournvita or cocoamalt or vitogen | 12 Ibs. 
Macaroni/vermicelli T «o THE 56 ibs. 
Sugar 7 a as bl | 320 ibs. 
Salmon Sa pi aa = 125 ibs. 
Sardines | 25 Ibs. 
Tea .. | 80 Ibs. 
Whisky | 5 bottles 
Brandy l 5 bottles 
Cornflour | 25 lbs. 
Tinned fruit | 100 lbs. 
Meat extract 12 ibs. 
Fruit juice is 560 pints. 
Custard powder 21 Ibs. 


eel 





ee ee a a a el 


Remarks: The above was the maximum scale of issue of medical comforts, 
per 100 men per month, for all medical units (other than general hospitals, 
convalescent depots and Indian units) holding or detaining patients. Gene- 
ral hospitals, other than Indian, used the authorised fixed diets with 
extras, or medical comforts as authorised by Allowance Regulations, 1938. 

(GO 1220/1942 as amended by 1561/1942, 945/1943 and 1367/1943). 
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Middle East medical comforts—Convalescent depots: 


eae 
E APR TNT oe: 





le eee + ani = 
er i ee a Á r aa 1 ps 











| 
Items Scale per 1,000 men 
| per month 
Raisins T 
Custard powder | Mg 
Baking powder . 14 ibs. 
Ovaltine T ru wi As | 18 1bs. 
Fancy biscuits .. e ee ie | 25 Ibs. 
Vinegar ' oe | 2 gallons 





Remarks: The above was the maximum scale of issue of medical comforts, 
per 1,000 men per month, for all convalescing other ranks, except Indians, at 
convalescent depots. 


(GO 1747/1942). 
Taste LXVII 
Middle East medical comforts—Convalescent depots (women seretces). 


ea O i e e o p A AAA re AA AAA F— A EI 


f 


Items Scale per 100 patients 
: per month 
Cornflour T pi > er a 16 Ibs. 
Custard powder .. E ad -. '  16lbs, 
Biscuits, fancy .. ai 7 .. . 30 Ibs. 
Macaroni or vermicelli ee “a aa 32 Ibs. 
Ovaltine PA as Em .. > 121bs, 
Vinegar at . T = 20 pints. 
Eggs.. ia wt gi .. + 2,000 No. 
Cocoa ds a3 za .. | 30 Ibs. 
Sugar b T T ba 60 Ibs. 
Milk, tinned... T ia n 120 lbs. 


——— 





Remarks: Convalescent depots for the women services drew medical 
comforts in accordance with the above maximum scale per 100 patients per 
month 


(GO 1428/1943 as amended by 334/1944). 
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Middle East medical comforts—Indian convalescent depots. 


OK Read A ANI eip ns A PP pa 








| ar mem eee a re 








Items | Scale per 100 men 
per month 

Eggs.. ns en 5 e As required 

Milk, fresh or tinned ae is pi As lequited 

Sugar Ae ii És se 20 Ibs. 

Mutton ds ss ag 30 Ibs. 

Tea .. de | 28 Ibs 

Fruit, fresh “x za mE ni 400 Ibs.: 

Fish, fresh |. hi 1 a 250 Ibs. 


ee em a re er eg et ] 


Remarks: The above was the maximum scale of issue of medical com- 
forts per 100 men per month for convalescing Indian troops in Indian 
convalescent depots. These issues were additional to the normal Indian troops 
ration scale. 


(GO 601/1944). 


Taste LXIX 


Middle East medical comforts—Panmers. 











Items Quantity 
Cocoa powder (tin) Me T #3 1 Ib. 
Matches qe T as 63 12 boxes. 
Meat extract (2-oz. tin) (or bovril or marmite) .. 8 Ibs. 
Milk condensed (unsweetened) sa gi 16 tins. 
Salt .. e ES ps ze 1 Ib. 
Sugar wi _ 48 P bi 6 lbs. 
Tea.. - Y 45 ki m 2 lbs. 
Ovaltine es pi ji ok 2 Ibs. 
Chocolate a ÉS zi zs 7 Ibs. 
Biscuits, sweet .. 59 a ki 74 Ibs. 


A NN a SR A A E e 


Remarks: The contents of a medical comforts pannier (supplies only) 
were as shown above. Indents for the replenishment of supplies for these 
panniers were limited to the above items. 


(GO 232/1944). 


APPENDIX IV 
Cold Storage Project 











o io 
Location Number of cold | Remarks 
storage plants ; 

Calcutta .. One 2,000-ton  ' Plus 2,600 tons United States 
Forces cold storage plants 
i and 1,400 tons hired civil 

; ; cold storage plants. 

Parbatipur One 270-ton | United States plant. 

Dibrugarh One 200-ton 

Manipur Road One 500-ton 

Gauhati .. Two 16-ton | . -s 

Tezpur T Two 16-ton 

Jorhat .. dé One 16-ton 

Tinsukia .. E Two 16-ton 

Mariani .. jet One 16-ton 

Digboi One 16-ton | 

Imphal Two . 16-ton | 

Chandpur | To be supplied by Refrigera- 
| ted Barge from Calcutta. 

Mymensingh Three 16-ton 

Agartala One 16-ton i 

Akhaura .. Two 16-ton | 

Comilla .. Two 16-ton 

Silchar One 16-ton 

Fenny One 16-ton 

Sylhet One 16-ton 

Chittagong One 500-ton ' To be supplied by rail or sea. 

Dohazari Two 16-ton | 

Cox's Bazar Two i6-ton ' 

Ranchi .. One 16-ton 

Allahabad One 16-ton | 

Kanpur .. One 16-ton 

Madras One 2,000-ton 

Vizagapatam One 16-ton 

Trichinopoly One 16-ton 

Bangalore One 16-ton 

Secunderabad One 16-ton 

Bombay .. One 2,000-ton 

Lahore | One 200-ton 

Poona P One 16-ton 

Jhansi .. a One 16-ton 

Agra era su One 16-ton 

Jubbulpore One 16-ton 

Delhi One 16-ton 

Rawalpindi One 16-ton 

Bannu ji One 16-ton 

Razmak .. ER One 16-ton 

Peshawar One 16-ton 

Quetta One 16-ton 


net RS 


APPENDIX V 
Production of Essential items of Food under Various Schemes 
TABLE I 


Production of items of food by military farms—April 1938 to August 1945, 


August) 


_ 4 | | | 
| | : | Cream 
- | Milk > Fresh | Cream : and | Tinned — 
Year (tons) | butter | (tons) ¡cheddar| butter | ted milk 
; (tons) | _ Cheese | (tons) ' (tons) 
| | | (tons | 
1938-39 9375 | 413; 91 oal .. | .. 
1939-40 9,664 : 422 86 | 0:60 3 | 
1940-41 | 12,857 | 472, 106 | 6°90; 50, .. 
1941-42 | 20,358 563 | 127 | 27:90 | 334 i 
1942-43 ` 28,790 > 1,157 187 106-00 699 | 334 
1943-44 47,650 ` 1,494 213 | 113-00. 1,268 | 419 
1944-45 | 56,256 ¡ 1,604 | 300 | 123-001 1,048 | 609 
1945 (April to 30247 ` 1,097 | 118 | 39-00 | 508 | 466 
| | | | po 
t | | | 
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Production of items of food by defence services under various schemes. 


a cr yl aN se He a, 
« 




















Type of scheme Location Area Production 
| per month. 
Poultry scheme | 
Defence Services | Gurdaspur ! Central Command 2,400 chicks 
schemes | Bilaspur ; Central Command | 32,160 eggs 
| Agra i Central Command 1,800 birds 
| Delhi Cantt. ! Central Command | 1,800 birds 
| Nagpur | Central Command 1,800 birds 
! , | 
Defence Services | Lahore (1) | Central Command 1,800 birds 
schemes run by Lahore (2) | Central Command 1,800 birds 
Military Farms Meerut | Central Command 1,800 birds 
Department. ¡ Ambala | Central Command | 1,800 birds 
| Jubbulpore | Central Command | 1,800 birds 
Lucknow | Central Command 1,800 birds 
| Allahabad | Central Command | 1,800 birds 
| Dehra Dun i Central Command 1,800 birds 
Jullundur ' Central Command | 1,800 birds 
| Ferozepore | Central Command | 1,800 birds 
| 
Joint Defence Services | Izatnagar : Central Command | 600 birds 
scheme with 1.V.R.I. | | | 
Breeding improved | Dacca 3 Eastern Command | 4,375 birds 
birds co-ordinated Midnapore ' Eastern Command | 4.375 birds 


by Eastern Conn Jamalganj Eastern Command 4,375 birds 














Regimental Units (33 | All over Central | Central Command 47,700 eggs 


in conjunction with | Ranaghat | Eastern Command 4,375 birds 
Bengal Government. | Narayanganj | Eastern Command 4,375 birds 
Namkom Eastern Command 3,000 birds 
and 30,006 eggs 
Defence Services ! Nilgiri | Southern Army 10,000 eggs 
schemes for eggs and | Nasik | Southern Army 10,000 eggs 
table birds Deolah ! Southern Army 20,000 eggs 
Aundh | Southern Army | 20,000 eggs 
Visapur |} Southern Army 10,000 eggs . 
Kirkee . Southern Army 20,000 eggs 
Kalyan | Southern Army 20,000 eggs 
Bombay Southern Army 10,000 eggs 
Alamanda | Southern Army 20,000 eggs 
Cocanada | Southern Army 10,000 eggs 
Belgaum Southern Army | 10,000 eggs 
Secunderabad Southern Army 20,000 eggs 
Bangalore | Southern Army | 20,000 eggs 
Bakashpur Southern Army | 20,000 eggs 
Bangalore 
Jathall Southern Army : 10,000 eggs 
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Type of scheme 





Duck Farm 


Defence Services 
schemes 





Pig scheme 


Pork production 
(Remount Depot) 


Pork production 
(Defence Services) 


Pork production 
conjointly with 
Military Farms 
Department 


Pork production 
(Defence Services) 


Pork production 
conjointly with 
Military Farms 
Department 


Pork production 
(Defence Services) 


Breeding for stocking 


Pork production run 
by Military Farms 
Department 


a te e t- 


Breeding and Fattening 
(Contractor) 
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TABLE li-—Contd. 





Location 


Idipalle 
Trichinopoly 
Coimbatore 
Madras 
Avadi 
Renigunta 


Saharanpur 


' Clement Town 


Aligarh 


Lahore (1) 
Lahore (2) 
Kanpur 
Meerut 


Babugarh 
Chhindwara 


Ambala 
Allahabad 
Lucknow 
Jubbulpore 


Jhansi 


Agra 
Roorkee 
Mhow 


Tollygunge 
Dacca 
Ranchi 
Namkom 


Dum Dum 


er a eter 





| 
j 
| 


| 


a 





Southern Army 
Southern Army 
| Southern Army 
| Southern Army 
Southern rile 

Southern Army 


Central Coramand 


Central Command 
Central Command 


Central Command 
Central Command 
Central Command 
Central Command 


Central Command 
Central Command 


Central Command 
Central Command 
Central Command 
Central Command 


Central Command 
Central Command 
Central Command 
| Central Command 


Eastern Command 
Eastern Command 
Eastern Command 


Eastern Command 


Eastern Command 





4,000 Ibs. 


4,000 Ibs. 
4.000 Ibs. 


4,000 Ibs. 
4,000 Ibs. 
4,000 Ibs. 
4,000 lbs. 


4,000 Ibs. 
4,000 Ibs. 


4,000 Ibs. 
4,000 Ibs. 
4.000 lbs. 
4,000 Ibs. 


4,000 Ibs. 
4,000 lbs. 
4,000 Ibs. 
4,000 lbs. 


2,200 pigs. 


14,000 lbs. 
14,000 Ibs. 
14,000 ibs. 


100,000 ibs. 
ham and bacon 
per year. 


ma 
' 


mepe et ee a 


<a pn ee le Pe 


Type of scheme | Location 


1 
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Tastre []—~-Contd. 


Breeding and Fattening| Idipalle 


Farm (Defence 
Services) 


Breeding for stocking 





Rabbit scheme 


Static Units (60 units) 





(Cochin) 
Coimbatore 
Nilgiri 
Deolali 
Aundh 


| Churchill 


| 
| 
| 
| 





(Poona) 
Visapur 
Lake Vareli 

(Kalyan) 
Alamanda 
Belgaum 
Kamlachala 

(Secunderabad) 
Bakasagar 
Bakashpur 


Jalhalli 


(Bangalore) 
Mona 
Sargodha 
Ahmadnagar | 


All over Central 
Command 


Conjointly with Mili- | All over Central 


tary Dairy Farms 
(15 units) 


Central. Command 
Rabbit Farms 


Vegetable scheme 


Joint scheme with 
Central Provinces 
Government. 


Joint scheme with 
United Provinces 
Government 


eee 


i 


} 


| 





A a ER rá A 


Area 


Southern Army 
Southern Army 
Southern Army 
. Southern Army 
| Southern Army 
4 Southern Army 
| Southern Army 
Southern Army 
Southern Army 
' Southern Army 


Southern Army 


| 

| 

| Southern Army 
| Southern Army 
E 

| 


North-Western 
Army 
E North-Western 
| Army 
| doii Army 


oomai A a aa 


1 
i 
i 
| 
; 
t 
! 
d 


i 
| 
; 
| Southern Army 
' 
| 
i 
| 


Central Command | 


Central — 
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e gaps 





_ | Production per 


i 
1 


{ 
i 
i 
| 
i 


| 
i 
| 


i 
| 
| 
f 
i 


j 
! 
! 
| 
{ 
| 
| 
] 


month 
100 pigs 


500 pigs 
500 pigs 
500 pigs 
900 pigs 
1,000 pigs 
500 pigs 
500 pigs 
500 pigs 
500 pigs 
500 pigs 


1,000 pigs 
500 pigs 
400 pigs 

30 pigs 
30 pigs 
30 pigs 


83 rabbits 


83 rabbits 


83 rabbits 
83 rabbits 
83 rabbits 
83 rabbits 


| | 


Command 
Izatnagar | Central Command 
| Nagp ur Central Command 
| Dell Central Command 
Agra Central Command ' 
| Bilaspur - | Central Command | 
Throughout Central Command | 


ccs 


United Provin- 





2,797 maunds 


3,009 maunds 
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Scheme (English 
vegetables) 


Madras Government 
Scheme (English 
vegetables and pota- 
toes) 


Kodaikanal Southern Army 


Type of scheme Location Area Production per 
month 
Military Farms Darjeeling Eastern Command 300 tons 
Directorate gardens | 
Bengal Provincial Darjeeling Eastern Command 120 tons 
Government Scheme 
Military Farms | Barrackpore Eastern Command | 24,000 Ibs. 
Directorate gardens | ¡TE 
Provincial Goverment | Sikkim Eastern Command 10 tons 
Schemes | Bengal i 
| Nadia | Eastern Command | 1,500 tons 
| Murshidabad 
| Jessore District 
¡ Ranchi Eastern Gommand 300 tons 
| Cuttack | Eastern Command | Sufficient to 
| meet local 
| | demand. 
Government of Bihar | Bihar Eastern Command | Potatoes 2,500 
Scheme (potatoes tons, Onions 
and onions) 1,500 tons. 
Military Farms | Dalma Hill Eastern Command 200 tons 
Directorate garden } 
| 
Bombay Government ; Poona | 36,000 lbs. 
Scheme (potatoes, | Nasik Southern Army vegetables, 
onions and fresh ; Ahmadnagar 7,466,667 Ibs. 
vegetables) | potatoes. 
Madras Government | Trichinopoly Southern Army 
Scheme 
(English vegetables) | 
Madras Government | Salem Southern Army 240,000 ibs. 
Scheme (Indian 
Vegetables} 
| 
Madras Government 
| 
| 
| 


j 
Nilgiri Southern Army | 2,250,000 Ibs. 
| 
| 
| 
| 


Madras Government Coimbatore Southern Army 
Scheme (Indian 
Re core 
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TaBLe 11-—Contd. 





O A A 


Type of scheme Location | 
Madras Government | Nilgiri 
Scheme (potatoes) 
Indian vegetable , Madras/ 
schemes (contract) | Trivellore 
| Kalhasti Centre 
| Nagri (Reni- 
| Sunta) 
| Vizagapatam and 
‘ Eastern Ghats 
' Vizagapatam 


| 
| 
Hyderabad Government Secunderabad 
Scheme (potatoes) 


Madras Government 
Scheme (potatoes) 


Madras Government | 
Scheme (English | 
vegetables) 

| 
| 


Madras Government 
Scheme (fruits) 


Fish scheme 

Joint Provincial 
Government Scheme 
with Orissa Govern- 
ment 


Chilka Lake 
(Calicut State) 





o lb 


Rajbari Estuarine 
Fishery Scheme 
(contract) | 

Provincial Government | West Coast 
Smoked Fish Scheme 


Rajbari _ 





Goat scheme 





Scheme 


14 Indian Division (21 | Chhindwara 
units, each 31 goats) | 
Breeding - Bounty | Midnapore 
| 


Farms 


ee ae ear a n. 





Mm tt 











Breeding and matin | Idipalle (Cochin) Southern Army 


r= 





~} Production — 
Area | per month 
r 
Southern Army ! As required 
| from general 
{ pool, 
Southern Army 300,000 Ibs. 
Southern Army JE 
| Southern Army | 
Southern Army T 
| Southern Army British troops 
6,00,000 Ibs. 
Indian troops 
1,80,000 Ibs. 
Southern Army 746,667 Ibs. 


Southern Army 


Central Command ¡945 goats twice 
| in 18 months 
per project. 


Southern Army 240,000 tbs. 
Southern Army 
| 
| 
| Eastern Command 210 tons 
t 
| 
i Eastern Command | 1,200 tons 
| Southern Army 30 tons 
| 
| 
| 


Eastern Command 


100 goats. 


Pa par a st 
r 
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APPENDIX VI 


Red Cross Supplements—9 October 1942 to 27 
December 1942 


| Average daily 








Ayerage daily 
| diet (g.) diet (g.) 
Foodstuffs ree ren Foodstuffs  ———————— 
9 Oct. to | 1 to 27 9 Oct. to | 1 to 27 
30 Nov. | December 30 Nov. | December 
1942 | 1942 1942 | 192 
Atta four .. 17 a | Dried fruit 2 | 
Dal , 8 coa 8 8 
Milk (canned) 21 Barley 1 ‘ 
“Meat and vege- 
table’ ration 39 E 39 Cornflour 2 . 
Corned beef 71 32 Biscuits 9 ; 
Ghee ns 8 Vitaminised 
i aeia Í e 
Soupmix .. 3 3 2 yè 
Mabela T 10 10 =A (white) 17 , 
Vegetables and | 
tomatoes (can- 
ned) 23 | 23 Lime juice 2 


Guava (canned) 9 


A re PP ee te Ogaa e ae A i i tt 
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APPENDIX IX 


Military Offtake of Fresh Foodstuffs and Cattle, 
Sheep and Goats in India 


TABLE Í 


Military offtake of fresh foodstuffs in India—April 1944 to September 1945 


ee Srey oer ea A og ly a) PE A AA 
| ! 

















Quarter ending 


e a. on 1 mm las mo 


Foodstuffs 30 | 31 | 31 | 30 














Unit 30 | | 30 
June ¡ Sept. Dec. yA June ¡ Sep. 
| 1944 | 1944 | 1944 | 1945 | 1945 | 1945 
OO  —— _ m"—_— 

Fresh vege- | | | | | | 
tables .. | Maunds (000); 498 | 481 | 573 | 620 | 628 | 773 
Potatoes .. | Maunds (000) | 569 | 557 | 434 | 601 | 671 | 515 
Onions Maunds (000) | 162 | 170 | 147 | 185 | 196 | 246 
Fresh fruits | Maunds (000) | 229 ` 286 | 232 | 208 | 314 430 
Fresh fish | Maunds (000); 50 ; 37 | 60 60 38 26 
Eggs  .. | Dozen (000) | 1,753 | 2,203 | 2,786 3,905 | 2,696 | 2,722 
Poultry .. | Lbs. (000)  ; 1,852 | 2174 3,057 | 2,871 | 2,828 | 3,079 
Milk Lbs. (000) 136,037 ‘35,061 [36,890 33,342 [30,763 |40,770 
Butter. > | E (000) | 695 ' 703 | 957 | 1,101 | 908 | 1,018 

| | | 
TABLE 11 


Military offtake of cattle, sheep and goats in India— January 1940 ta September 1943 
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Year Cattle | Sheep and goats Total 
1940 | 47,883 | 84,860 132,743 
1941 | 73,524 | 118,835 192,359 
1942 `. | 221407 | 441,667 663,074 
1943 bn 268,178 | 1,758,189 2,026,367 
1944 987,445 3,282,769 3,570,214 


1945 (January to Sept.) 88,943 2,688,524 2,777,467 
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CHAPTER VIII 
Anti-Malaria Campaign in 1942 


Prior to 1941, the Indian Army was only partially mobilised, 
its unit raising programme being just sufficient for its allotted role of 
(1) providing forces for active service in the Middle East; (ii) supplying 
garrison troops for Malaya and Burma; (iii) protecting the north- 


western border of India; and (iv) maintaining internal security in the 
country, 


After the entry of Japan into the war and the invasion of Malaya 
and Burma the situation changed completely, as these events foreshadowed 
a direct threat to India on its north-eastern border. The entire resources 
of the country were then mobilised, and the unit raising programme was 
enlarged and accelerated. The fall of Rangoon accentuated the urgency 
of the situation still further as land communication had to be established 
immediately with the Army-in-Burma for supplies and for its withdrawal 
into India. 


The choice lay between two possible land routes. One, a metalled 
road from Dimapur railway station to the Manipur Hill State in Assam, 
beyond which it continued as a mountain trail to Tamu, from where a 
fair-weather road ran through the Kabaw Valley to Kalewa on the river 
Chindwin. The second was a jungle track which began at Ledo in the 
north-eastern corner of Assam and after traversing successive mountain 
ranges and heavily wooded valleys ended at Mofaung, a railway station 
in North Burma near Myitkyina. 


A survey party reconnoitred these two routes and submitted its 
reportin February 1942, which contained inter alia the following proposals:- 


(i) the road from Dimapur (later designated as Manipur Road) to 
Kalewa be dexelopéd immediately for securing contact with 
Burma Army and the civilian refugees withdrawing from central 
Buftha; 
(ii) Ledo be converted into a reception=camp for troops and civilian 
refugees withdrawing from north-@stern Burma along the jungle . 
ck; and : 
Gii) in view of the presence of malaria ‘in a virulent form throughout 
this region, an effective Organisation be provided for compre- 
hensive control measures against the disease. 


These proposals were accepted and work was started on 1 March 
1942 on clearing sites for a railhead base at Manipur Road, a reception 
camp at Ledo and an advance base at Imphal. Simultaneously, a 
large labour force was mobilised for widening the existing stretch of 
metalled road and for extending it beyond Pálel in Manipur State. 

Towards the middle of April, the civilian refugees from Burma 
reached the border and continued to cross into India for the next two 
months. They were evacuated by road to Manipur Road and thence 
by a single line metre gauge railway to various parts of India. Partly 
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to relieve the traffic pressure on the railway and partly for other reasons, 
most of the Burma Army was kept back in Imphal region for some time 
after its arrival there early in May. 


In the meantime the L of C and the base camps were gradually 
taking shape. By mid-June, however, the monsoon came down in 
full force causing multiple land slides which blocked the road from 
Manipur Road to Imphal at many places. Fortunately, most of the 
civilian refugees had by that time been evacuated and supplies to the 
forward military formations could be managed by motor transport relays 
across the road gaps. In July, the rains washed away an important 
railway bridge, adding further to the transportation difficulties. 


In September, the rains slackened appreciably and direct road 
communication to Imphal was re-established, but the railway traffic 
remained dislocated for another two months. 


In October and November, the transportation system was parti- 
cularly burdened by the large evacuation of sick to India and the flow 
of reinforcements back to Assam. This state of affairs continued till the 
end of the malaria season in December when a precipitous fall in sickness 
markedly relieved the situation. 


While developments on the Assam-Burma border proceeded along 
the lines indicated above, troops in East Bengal remained static and were 
moved forward to Chittagong and Cox’s Bazar early in 1943 in preparation 
for a drive into the Arakan. Conditions on this sector did not change 
materially during the year under review and are, therefore, described in 
Chapter IX. : 


ANTI-MALARIA ORGANISATION IN INDIA 


ae 

Prior to the outbreak of the war in September 1939, the Army- 
in-India was accommodated In permanent cantonments. Except during 
periodic operational activities on the North-West Frontier, malaria con- 
trol measures were thus restricted to certain well-defined stations. These 
measures, though nominally under a senior medical officer, the 
ex oficio Cantonment health. officer, were in actual practice conducted by 
anti-malaria medical officers, most of whom had received previous 
training at the Malaria Institute of India. The requisite funds for 
malaria control were provided from the annual allotments placed at the 
disposal of each station commander separately for recurrent and non- 
recurrent expenditure. 


Despite certain inherent defects in this organisation, which will 
be referred to presently, it nevertheless produced satisfactory results in 
that the malaria rates in the army remained at a satisfactory level in most 
of the years except in epidemic years, vide Table I. 


At the outbreak of war, however, many of the trained anti-malaria 
officers were, by virtue of their seniority in service, selected for appoint- 
ments in field medical units in higher ranks. The newly appointed 
officers, who took over, besides being ill-trained and inexperienced, 
were equally hable to frequent transfers to the field medical units. The 


standard of malaria control in cantonments 
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, aS a Consequence, deteriorat- 


ed, resulting in an ominous rise in malaria rates in 1941. 


a cy pe A E 




















TABLE I 
Incidence (rate per 1,000) of malaria—VCOs and IORs—India Command— 
1929 to 1946, 

Malaria Year Malaria Year Malaria 
rate rate rate 

i i . A 
175-3 | 1935 125-9 1941 | 144-6 
153-4 | 1936 | 123-1 1942* | 206-0 
149-4 1937 97-9 1943 | 192-5 
| 145-1 1938 109-6 1944 159°5 
212-2 1939 118:3 1 1%5 76-1 
156-5 1940 173-2 | 1946 43:7 

H 


—— 











* Malaria prevailed in an epidemic form in the Indo-Gangetic plains during 


these years. 
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MALARIA INCIDENCE IN INDIAN ARMY 


MALARIA. PREVAILED IN AN EPIDEMIC 
FORM IN THE INDO- GANGETIC PLANS 
DURING THE YEARS 1933 ANO Fe, 


1932 
(933 
1935 
(956 
1937 
1938 
1939 
1940 
1941 
1947, 
1943 
1844 


1934 


Lieutenant-Colonel (now Major-General, Sir) Gordon Covell, 
Director, Malaria Institute of India, was thereupon called in by the GHQ, 
(India) to review the anti-malaria organisation in the army and to prepare 
a suitable scheme in the light of the changed situation. In his report, 
Sir Gordon Covell empbasised the following defects in the existing 


organisation:— 
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(i) Owing to frequent transfers of anti-malaria officers, there had been 
a serious lack of continuity in the supervision of anti-malaria 
measures, more particularly since the outbreak of war. To 
eliminate such transfers, he recommended the formation of a 
cadre of civilian malaria medical officers and assistants. 

(ii) The allotment of funds for anti-malaria measures needed immediate 
revision as the prevailing scales were insufficient for securing 
stores and equipment in the quantities required. 

(iii) Separate provision was necessary for motor transport and for an 
adequate checking staff in each station in the absence of which 
anti-malaria measures had failed to attain the requisite level 
of efficiency. 

(iv) As a rule, the civilian authorities had neither the funds nor the 
organisation to carry out malaria control measures in towns 
and villages adjacent to the cantonments, He advocated that 
such control be taken up by the army as a military commitment. 

(v) For the technical direction and co-ordination of malaria control 


in cantonments, he recommended the appointment of an adviser 
in malariology at the GHQ (India). 


Sir Gordon Covell’s recommendations were accepted in toto in 
December 1941, and Lieutenant-Colonel (afterwards Brigadier) M. K. 
Afridi, IMS, who had held the post of malariologist in Eritrea and sub- 
sequently in Iraq, became adviser in malariology, GHQ (India), Delhi 
on 12 January 1942. 


Tasks needing immediate attention at the time were, first, to imple- 
ment the revised scheme for malaria control in cantonments and, second, 
to accelerate the mobilisation of anti-malaria units for malaria control 
in operational areas. Activities in these two directions will now be traced 
separately. 


MALARIA CONTROL IN CANTONMENTS 


Organisation: In February 1942, the salient features of the revised 
anti-malaria organisation in cantonments were summarised in a Circular 
letter, and command headquarters were asked to classify the existing 
military stations as large, medium and small, depending upon the size 
of the garrison and the degree of the malariousness of each. A scale of 
supervisory malaria staff, equipment and labour was laid down for each 
of the three categories of stations. The issue of anti-malaria stores, such 
as oil, Paris green and pyrethrum insecticide, was authorised on an 
‘as required’ scale while expenditure on the remaining items was provi- 
ded out of a lump sum sanctioned for each command on a generous scale. 


For supervisory staff, civilian medical and science graduates were 
recruited in batches and given intensive courses of instruction of four weeks’ 
duration at the Malaria Institute of India. Those declared successful 
at the end of each course were then allotted to commands, which posted 
them to the different stations. To cope with the above training prog- 
ramme, the Malaria Institute of India organised continuous courses except 
during the hot months of May and June. Simultaneously, the institute 
trained a large number of Indian Hospital Corps (IHC) personnel, in 
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elementary entomological technique, who were then posted to the various 
stations as insect collectors in the checking organisation. 


Arrangements were also made to bring all classified stations up to 
the revised scale of anti-malaria equipment with supplies procured 
direct from the manufacturers and the medical store depots. As the 
stocks of equipment then available in India were low, local manufacture 
of certain urgent items was taken up under the joint direction of the 
Malaria Institute of India and the GHQ medical staff. This enterprise, 
the details of which appear later, was not an unqualified success, but it 
certainly helped to tide over the immediate and difficult situation. 


Anti-Malaria Staff Officers: By April 1942, it became clear that with 
the progressive expansion of cantonments and malaria control program- 
mes, adequate technical direction from the GHQ was getting increasingly 
difficult, especially as the anti-malaria commitments in operational 
areas had at the same time enlarged considerably. In May 1942, 
therefore, it was decided to decentralise supervision and to create the 
post of a deputy assistant director of hygiene (anti-malaria) [DADH 
(AM)] in each command headquarters. The officers for these appoint- 
ments were selected from amongst trained medical officers with 
previous experience of malaria control in the army or those who had 
acquired the necessary knowledge during medical practice in tea planta- 
tions or industrial firms in malarious areas. Apart from implementing 
the new malaria scheme in cantonments, these officers were required to 
undertake rapid malaria surveys for selecting sites for new camps. 


Towards the end of the year, however, even the above scale of 
malaria staff officers proved insufficient and had to be augmented to deal 
with the expanded anti-malaria work in cantonments, traimng Camps 
and operational areas. A new set-up was accordingly sanctioned im 
January 1943 and is discussed in Chapter IX. 


Malaria Problems: The problem of malaria in each cantonment 
varied with its location. Most of the major military stations were how- 
ever, situated in the Indo-Gangetic plains, Central and Peninsular India, 
where Anopheles culicifacies is the main carrier. ‘This species breeds in 
rain-water collections, in pools formed by the flooding of the rivers and 
in seepages and water collections arising from irrigation canals. Malaria 
in these localities prevails during and immediately after the rainy months. 


In the Indo-Gangetic plains this species is especially liable to give 
rise to periodic fulminant regional epidemics at intervals of seven or eight 
years. Since the last epidemic had occurred in 1933 (vide Table 1), 
it was felt that the immunological factor was favourable for its recurrence 
if rainfall in 1942 was abnormally heavy, which actually turned out to 
be the case. 


Other problems arose with the expansion of the existing Canton- 
ments to accommodate additional recruiting and training establishments 
which entailed a corresponding increase in the controlled arcas. As a 
consequence, anti-malaria drains had to be extended beyond the Auer 
limits to protect the new constructions, and villages, which had hither A 
been at a safe distance, had to be included in the anti-malaria contro 
scheme, 
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By August 1942, however, accommodation evcn in the expanded 
cantonments proved insufficient, necessitating new camps and installa- 
tions which had to be laid out in different parts of India. In siting such 
camps the local anti-malaria staff officers were invariably consulted, and 
they made every effort to press for the selection of the least malarious 
areas. They were not, however, always successful, as a compromise had 
to be effected between the anti-malaria view-point and the engineering 
and military training interests. Nevertheless, such consultations gave 
valuable advance information about the location of the camps. It was 
possible, therefore, to arrange an adequate anti-malaria organisation 
before the camp was occupied and to prepare detailed anti-malaria 
drainage schemes, which could be included as a part of the camp 
constructional project. 


Anti-larval and anti-adult mosquito measures in these camps were 
entrusted to trained malaria inspectors, who were recruited as a separate 
cadre and who worked under the supervision of the nearest anti-malaria 
medical officer or anti-malaria assistant. 


Methods of Malaria Control: The measures of control employed in 
the cantonments were on the usual lines, with chief emphasis on anti- 
larval measures through oiling, application of Paris green and minor 
drainage. These measures were applied to all water collections, both 
inside the cantonment limits and in the area half a mile around. As 
an additional measure of safety, barracks and hutments were sprayed 
with pyrethrum insecticide solution on alternate days in the beginning 
and once a day in the peak period of malaria transmission. Villages 
falling within half a mile of the cantonment limits were included in this 
insecticide spraying programme. : 

Particular action was, however, necessary to promote a uniform 
policy of anti-malaria measures and a routine which would ensure a 
systematic supervision of these measures at cach step. With this object 
in view, a pamphlet was compiled and issued in March 1942, which con- 
tained detailed instructions on the division of cantonments into super- 
visory circles, the proper indications for using different types of sprayers, 
the relative value of anti-larval and anti-adult mosquito measures in the 
different phases of the malaria season and a standardised method of 
assessing and recording results of control measures. 


As a result of these efforts, anti-malaria measures in cantonments 
made good progress, and towards the end of the year the standard of 
supervision had reached a satisfactory level of efficiency. The following 
points, however, required to be repeatedly stressed by the anti-malaria 
staff officers: (i) the necessity for controlling the adjoining civilian arcas 
and villages for the protection of army personnel; (ii) the utmost need 
for continuous field training of insect collectors, supervisors, mates and 
labourers by the anti-malaria medical officers and assistants; (iii) the 
importance of employing the latest types of sprayers and maintaining them 
in a proper state of repair. 


A notable feature of the year under review was that most of the 
cantonments in the Indo-Gangetic plains experienced a regional epidemic 
of malaria. This, as already stated, had been foreseen, and the malaria 
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officers were forewarned to institute intensive daily spraying of barracks 
hutments, villages and adjacent civil areas with pyrethrum insecticide 
as soon as malaria rates displayed an upward trend. As a result of 
this timely action, the malaria rates in 1942 remained within reasonable 
bounds, comparing favourably with the figures for the previous epidemic 
year, 1933. ‘These results might have been even more striking but for the 
fact that the recruits were sent on leave in unusually large batches after 
the initial training course when they contracted the disease in their villages. 


MALARIA CONTROL IN OPERATIONAL AREAS 


Organisation: During March 1942, when the L of C from Manipur 
Road to Imphal was being developed, malaria control in the operational 
areas was directed by the hygiene staff officers. Every unit was made 
responsible for anti-malaria measures within its own camp areas, while 
breeding places in the surrounding areas were treated by the anti-malaria 
units, or, in their absence, by the field hygiene sections. 


In April 1942, the civilian authorities decided to erect temporary 
camps for refugees from Burma and appointed Dr. D. K. Vishwanathan, 
an experienced malariologist, to organise anti-malaria measures. Since 
the military installations and the civilian camps were situated along 
the same route and were frequently in close proximity to each other, 
the direction of the military malaria control was entrusted to the same 
officer so as to secure a complete integration of anti-malaria effort. 
Dr. Vishwanathan was accordingly posted as DADH (AM) in HQ Sub- 
Area in addition to his civilian appointment. 


By the end of June 1942, however, when the civilian camps ceased 
to function, Dr. Vishwanathan was replaced by a military officer. In 
making this appointment, the complication was that since the opera- 
tional areas in Assam were, at the time, under the administrative control 
of the Eastern Command, the DADH, Sub-Area, would normally have had 
to work under that command. In the existing circumstances, however, 
it was essential for the GHO (India) to exercise direct control over all 
operational areas. For technical direction, therefore, the DADH (AM) 
of Sub-Area and DADH (AM) of Eastern Command were both placed 
under the GHQ (India), and the sphere of activity of the latter was 
restricted to East Bengal and Arakan. 


Another operational area demanding attention was Ceylon, where 
a large body of troops had been stationed at focal points scattered all 
over the island. Here again a DADH (AM) was appointed in May 
1942 for the supervision and direction of anti-malaria measures in Ceylon 
and the Maldive Archipelago. 


Establishment of Indian Anti-Malaria Unit: The Indian anti-malaria 
unit had to undergo considerable evolution before 1t could achieve its 
position as the basic unit for the control of malaria in the operational 
areas. Thus, the first seven units raised in 1940 and 1941 were purely 
investigatory in character. They had a small establishment, sufficient 
only to undertake malaria surveys and to guide the field hygiene sections 
in carrying out actual control measures in the field. Of the seven units, 
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two were raised in time for the campaign in the Sudan, two were sent to 
Malaya, two to Iraq and one to Burma, The first two units raised were 
staffed by the personnel supplied by the Malaria Institute of India, 


From experience in the Sudan Campaign tt was clear that the field 
hygiene section was unable to shoulder the responsibility for malaria 
control measures without considerable increase in its establishment. It 
was further observed that although the anti-malaria units proved extre- 
mely useful, their utility was unnecessarily restricted and could, with 
advantage, be augmented if they took charge of the malaria control 
measures as well. A decision had, therefore, to be taken on increasing 
the establishment of either the field hygiene section or the anti-malaria 
unit. The point in favour of the latter was that if responsibility both for 
investigation and control was assigned to one unit it would lead to speedier 
action and greater efficiency than if it was delegated to two separate 
untts. 


The above position was accepted by the GHQ (India), and the 
establishment of the Indian anti-malaria unit was accordingly revised 
in November 1941. The units raised thereafter were then subjected to 
close observation under actual field conditions throughout the year. As 
a result, certain minor additions' were made, and in April 1943 the unit 
achieved its final shape as a compact and self-sufficient field unit with 
a personnel strength of seventy-four. It had a headquarters section for 
carrying out malaria surveys and four sections for instituting actual 
control measures through local labour employed on an ‘as required * 
scale. Each unit had, however, on its establishment 25 enrolled labourers 
for essential anti-malaria work in areas where labour was not immediately 
available. The quota of motor transport for the unit was sufficient 
for routine duties, but for extensive anti-malaria schemes it received, as 
a rule readily, additional allotment from the local vehicle pool. 


The technical equipment in the headquarters section contained 
all the items necessary for a malaria field laboratory for entomological and 
epidemiological surveys, whereas the control sections were fully equip- 
ped to undertake both anti-larval and adulticide measures, and were 
provided with knapsack sprayers for oiling, blowers for applying Parts 
green and hand-operated as well as power-driven atomisers for dispersing 
insecticides. 

Raising Programme of Indian Anti-Malaria Unit: In January 1942, 
only six anti-malaria units were available in the country, and even these 
had been mobilised expressly for service in Iraq and Iran. On repre- 
sentation, however, two of these units were allowed to be diverted 
to Assam, the first arriving at Manipur Road on 1 March 1942, and the 
second at Ledo by the end of that month. 


In the meantime, the raising programme of the units was re-examin- 
ed in the light of the changed operational situation. As a result, not 
only was a considerable increase sanctioned in the number of units to 
be raised but it was also decided to take all possible steps to accelerate 
their mobilisation. With the latter end in view, a raising centre was 


' See Appendix XII, 
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established at Delhi, 


where the malaria officers under training at the 
Malaria Institute of a 


India could take over the units immediately after 
the course, and where the units could be equipped readily from the local 
medical store depot. The centre in Delhi had, however, the drawback 
that 1t lacked facilities for training in general military duties. To counter- 
act this disability it was arranged that, after arrival in the operational 
arcas, the key personnel of all newly raised anti-malaria units were attach- 
ed to the nearest functioning anti-malaria unit for a short course of ins- 
truction in routine military administration. An advantage incidental 
to this arrangement was that they could, at the same time, observe in 
actual operation the methods of malaria control which had been evolved 
locally to meet the particular malaria problem of the region concerned. 


In the implementation of the revised raising programme, another 
problem was to secure the necessary allocation of manpower which was 
becoming increasingly short owing to the simultaneous mobilisation of a 
large number of field units. In recognition of the importance of malaria 
in the Eastern Theatre, however, the anti-malaria unit was given a rela- 


tively high priority and was placed next to the field ambulance for man- 
power allotment. 


Location of Indian Anti-Malaria Units: Apart from the two units, 
posted at Manipur Road and Ledo in March 1942, a total of eleven 
anti-malaria units was mobilised and posted in the operational areas 
during 1942. These units were allotted on a regional basis, and only in 
rare cases were they allowed to move out with a formation. Allotments 
were necessarily based on the urgency of requirements, but most of 
the units were concentrated in Eastern and Southern India. ‘The follow- 
ing statement shows the location of units at the end of 1942:— 

















Eastern India 





Assam 2 i ee as 6 
East Bengal .. © es én 2 
Ranchi af ea J l 
Southern India .. ap > 2 
Ceylon .. 2 
Total .. ki adi 13 


Malaria Problems: For a proper appreciation of the nature of 
malaria problems in the operational areas it would be convenient, Me 
to describe the varying epidemiological factors in different paca an . 
second, to trace the influence of tactical conditions on the a ar y 
malaria. By presenting the subject in this manner, 1 1s hoped t À = 
resultant overall picture will be clearer than if an attempt was ma 


discuss separately the varying malaria conditions in different localities. 
Epidemiology of Malaria in Different Regions: With the ok 

exception of certain limited non-malarious sectors, the area pu el 

L of C in ‘Assam was almost uniformly hyperendemic, In most e 


264 PREVENTIVE MEDICINE 


localities, spleen rates determincd in February 1942, before the entry of 
troops into the area, ranged between 60 and 90 per cent. These hyper- 
endemic conditions were, however, confined to foot-hill terrain where 
innumerable seepages, springs and the small, slow, tortuous and grassy 
streams exposed to sunlight provide the selective breeding places for 
the main regional carrier, Anopheles minimus. On the other hand, stagnant 
water in borrow-pits, tanks, swamps and ricefields is not attractive to 
this anopheline, unless such water has an admixture of permanent seep- 
ages. Asa consequence, wide alluvial rice-growing valleys in this region 
were practically free from malaria. In the mountainous sections, localities 
at an altitude above 3,000 feet. were similarly non-malarious, as the 
hydrographic conditions there are unfavourable to the breeding of 
A. minimus. 


__ The remarkable feature of malaria in this region was the abruptness 
with which an intensely malarious area changed over to non-malarious, 
the two types occurring side by side in places less than half a mile apart. 


In most of the operational areas in Assam the atmospheric tempera- 
ture and humidity favourable for the transmission of malaria prevailed 
at least nine months in the year. The malaria curve usually rose in 
March, moving up gradually to a peak in June when the monsoon brought 
about a small yet definite drop in July. Towards the end of August, 
the curve moved up again to a second peak in November or the first half 
of December. From December to February, a certain degree of malaria 
transmission continued, but fresh cases of malaria were usually so few 
that, for all practical purposes, these months could be regarded as non- 
malarious. 


In most of the localities in Assam the malaria curve was thus 
bimodal with peaks in the pre and post-monsoon periods. The height 
of these peaks varied with the amount of rainfall in relation to the breed- 
ing places of A. minimus. For instance, excessive precipitation in March 
and April favoured an increased flow of seepages and was, therefore, asso- 
ciated with a high pre-monsoon malaria rate, whereas a weak monsoon 
in July and August had not the required flushing effect on streams and 
springs, and in such years the post-monsoon malaria season was conse- 
quently abnormally severe. 


In the heavily wooded valleys in Assam, however, an additional 
carrier, Anopheles leucosphyrus, prevailed. Because of the similarity 
between the terrain around Manipur Road and that of Digboi environs 
where it had previously been incriminated as a vector, this species was 
treated with suspicion from the very beginning of the campaign. A 
special search for it had accordingly been instituted in Manipur Road 
and Kabaw Valley from 1942 onwards. In the former placc, Captain G. 
Sambasivan collected this species in camps situated in the comparati- 
vely uncleared western zone in 1943, but Gaptain Fenn failed to capture 
any specimens in the Kabaw Valley from January to March 1944. In 
September 1944, on the other hand, the position in the same valley was 
reversed, as 1 British Malaria Field Laboratory recorded its prevalence 
there in large numbers and with a high rate of malaria infections. Sub- 
sequent observations showed that the species underwent a rapid decrease 
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in density in October and November, f orming an insignificant proportion 
of the routine catch by December. This explained the failure of Captain 
Fenn ta capture this species in the early months of the year. Based 
on the above observations, the seasonal incidence of A. leucosphyrus was 
thus inferred to be strictly confined to therainy months, when its favourite 
breeding places appeared in abundance, namely, the small rain-water 
pools inside the. forest, formed in natural depression or in man-made 
excavations such as slit trenches, bomb craters, borrow-pits, etc. In 
such valleys, the transmission of malaria was almost continuous over 
the greater part of the year. In the pre-monsoon months, A. minimus 
acted as the carrier, in the monsoon A. leucosphyrus took over, while in 
the post-monsoon A. minimus reappeared and carried on transmission 
till low atmospheric temperature either stopped or slowed down the 
sporogony cycle: s 

In East Bengal, the western districts, such as Jessore, were highly 
endemic or hyperendemic, the spleen rates in the villages ranging between 
40 and 60 per cent. The main carrier in this area is Anopheles philippinen- 
sis whose favourite breeding places are village ponds and stagnant water 
in loops of dead or dying rivers. In eastern districts, such as Dacca 
and Comilla, which are liable to extensive annual flooding and have a 
constantly high level of subsoil water, conditions are not congenial to 
this anopheline and the malaria risk there was, therefore, negligible. In 
the deltaic region of Bengal, such as the district of Khulna and the estuary 
of Hoogly, the vector species is the brackish water breeder, Anopheles 
sundaicus, which, under favourable conditions, gives rise to hyperendemic 
or epidemic malaria. 

Throughout East Bengal, however, the malaria season was relatively 


short, being restricted to the period from mid-July to mid-November 
or mid-December. 


” In Southern India, malaria is a problem in the foot-hills where 
Anopheles fluviatilis is the carrier, its breeding places being springs, secpages, 
small streams and irrigation channels, and in certain regions, riccfields. 
In many of the areas the seasonal incidence of malaria 1s from March 
to June, but in some a second rise occurs in the post-monsoon period 
from September to December. . 


In Ceylon, the epidemiology of malaria in different zones is condi- 
tioned by the amount of rainfall. Thus the south-western quadrant, 
commonly known as the ‘ wet zone’, receives both the south-west and 
the north-east monsoons, and is practically non-malarious. The northern 
half of the island, on the other hand, gets its rainfall only in the north- 
east monsoon, and is relatively dry. It has an elaborate ancient system 
of irrigation based on tanks set at different levels and interconnected by 
lengthy channels wherein the carrier species, A. culicifacies, finds ideal 
conditions for breeding. The disease in this zone prevails in a hyper- 
endemic form, its seasonal incidence being from November to June 
with a peak in January and February. 


Midway between the “wet” and the ‘dry’ zones is the *inter- 
mediate * zone which normally receives rainfall during both the monsoons. 
In years when the south-west monsoon fails, however, the rivers run 
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low leaving pools in their bed wherein A. culicifacies breeds in enormous 
numbers. This zone is, therefore, subject to periodic fulminant epidemics 
of malaria, lasting from October to March with a secondary rise during 
April and May. 

In the Maldive Archipelago Anopheles tessellatus was the only 
species of anophelines found, its larvae occurring in shallow domestic 
wells. It was recorded infected once in March and once in June, but, 
judging from the malaria curve, transmission probably extends over the 


whole year. 

Influence of Tactical Conditions: A severe outbreak of malaria in the 
early phases is a common feature of most of the military campaigns in 
malarious areas. As a rule, these outbreaks can be traced to the fact 
that at the start the commanders are so deeply concerned about the 
military aspects of the campaign that they fail to appreciate the danger 
of malaria. At first sight, the epidemic of malaria in Assam during 1942 
might appear to have had a similar origin, but on closer examination the 
available evidence does not altogether support this view. For, as already 
stated, even at the planning stage, the paramount importance of malaria 
on this front had been fully recognised and steps taken to develop an 
adequate anti-malaria organisation in the field as rapidly as possible, 
Nor was the need for strict anti-malaria discipline neglected, as repeated 
circulars and instructions on the subject were issued at the very start of 
the campaign. 

In so far as the outbreak of malaria in Assam is concerned, 
a more likely explanation is partly that the rank and file, despite all efforts, 
did not carry out the personal precautionary measures as rigidly as they 
should have, but more especially that, with the  anti-malaria 
measures then in vogue, effective control was impracticable in the 
tactica] and epidemiological circumstances prevailing in the year under 
review. 


There were many factors which seriously hampered such control 
on the L of G in Assam. In the first place, the construction of base 
installations was started when malaria transmission had already begun. 
As a consequence, it was difficult to work out and establish a comprehen- 
sive malaria control scheme. Secondly, owing to continual expansion, 
the boundaries of the encampment areas remained ill-defined throughout 
the transmission season. ‘Thirdly, in many of the base installations, units 
were accommodated in small clearances surrounded by patches of un- 
cleared forest which could not be adequately explored and drained, 
especially in the face of unusually heavy rainfallin May and June. Lastly, 
fresh troops continued to move into the area throughout these 
months and acquired malarial infections during the prolonged road and 
rail journeys. Many of them became malarial casualties soon after 
arrival in the operational areas and had to be evacuated back for want 
of sufficient local hospital accommodation. Their replacements, in turn, 
suffered the same fate, thus establishing a vicious cycle. 


A majority of the combat troops in the forward areas, however, 
escaped infections in transit as they happened to travel through the L of C 
in March and April when the transmission season was still in the initial 
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low phase. In subsequent months, however, th 
infections when they had to operate in high ey were exposed to local 


` hl l » 
height of the malaria season. y malarious valleys at the 


é Moreover, the formations were widely 
dispersed over an extensive sector wherein individual units were frequently 
shifted from place to place, sending forward patrols which remained 


detached from parent bodies for days together. Under such conditions 
it was difficult not only to employ active anti-mosquito measures but 
also to supervise adequately the personal precautionary measures amongst 
troops, particularly those on patrols and in small detachments. 


Troops in East Bengal had a relatively static role, and the incidence 
of malaria amongst them was, therefore, conditioned by the endemicity of 
local malaria and the adequacy, or otherwise, of malaria control measures. 
Thus, units stationed in the non-malarious eastern districts almost com- 
pletely escaped malarial infection, whereas those occupying the malarious 
western districts suffered to a varying extent. For instance, in one of the 
brigades (4th Indian Infantry Brigade) served by an anti-malaria unit 
the maximum malaria rate per 1,000 men per month was 86, whereas in 
a neighbouring brigade (3rd Indian Infantry Brigade) with inadequate 
anti-malaria cover the corresponding figure was 800. 


In Ceylon and Southern India, malaria was a problem only where 
troops were on training exercises in malarious areas when the situation 
was practically analogous to that of the forward contact troops already 
described. 


Methods of Malaria Control: Tn the circumstances outlined above, it 
ig obvious that the scope for active anti-mosquito measures in Assam was 
extremely limited. Both in the L of C and the forward areas chief empha- 
sis was, therefore, laid on measures of personal protection through wearing 
long trousers and sleeves rolled down after dusk, applying anti-mosquito 
repellent cream to face, hands and other exposed parts of the body, and 
sleeping inside a mosquito-net. The efficiency, with which these measures 

“were carried out, was an index of the state of discipline in each unit. 
In areas, where no protection or even partial protection could be provided 
" through active anti-mosquito measures, troops were placed on suppres- 
sive treatment consisting of one tablet (0-1 g.) of mepacrine daily for six 
days in a week. It might be argued that, with the high malaria rates 
prevailing along the L of C, such treatment should have been extended 
to the remaining troops also, but a decision on this point had to be based 
on the stock position of mepacrine which was extremely low, needing 
careful husbanding. 


eory, these measures, if conscientiously carried out, should have 
FO pr es protection from malaria, but in actual fact oe 
results did not come up to expectations due to certain inherent difficulties 
which are discussed in Chapter IX. At the end of the transmission season 
in November, therefore, all troops were placed on * blanket on 
with a view to cutting short their malarial attacks and perg relapses 
during the non-malarious months. This treatment conslited > © aa 
tablets (0°3 g.) of mepacrine daily for five days, (ii) no drug g e 
two days, and (iii) 0°03 g. of pamaquin for British troops or g- 
pamaquin for Indian troops daily for three days. 
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Wherever possible, however, anti-larval measures were enforced. 
In Assam, attention was focussed on the preferential breeding places of 
A. minimus, such as streams, springs and seepages, which were canalised 
and subjected to weekly treatment with malariol. - In camps on open 
sites such larval control was on a fairly extensive scale, covering both the 
camps and the area half a mile around. But in encampments in thick 
forests, anti-larval measures had to be restricted to the clearances, since 
breeding places in the neighbouring jungle were difficult, and at times 
impossible, to treat. 


In the prevailing circumstances, however, it was relatively easier 
to enforce comprehensive and systematic daily spraying of tents, huts 
and local habitations with pyrethrum insecticide than anti-larval mea- 
sures. During 1942, therefore, malaria control through spray-killing of 
adult mosquitoes was utilised as the main method of attack throughout 
the L of C and as much of the forward areas as possible. Most of the 
units provided their own spraying gangs, but in some, such as hospitals 
and rest camps, whose strength was insufficient to spare personnel for 
this purpose, anti-malaria units had to make the necessary provision. 


By employing these measures, local malaria was to some extent 
mitigated, but the problem of preventing infection during rail and road 
journeys still remained. An attempt was, however, made to meet this 
difficult situation by placing anti-malaria units at the important railway 
junctions of Lumding and Badarpur. But it is doubtful if anti-mosquito 
measures and spraying of railway trains confined to these stations helped 
matters, considering that the greater part of the routes still remained 
uncontrolled. 


In Bengal, owing to the static character of the camps, conditions 
were particularly favourable for employing active anti-mosquito measures 
in the malarious sectors. Anti-larval control was concentrated on the 
breeding places of the main regional carrier, A. philippinensis, such as, 
dead rivers, canals and village ponds which were cleared of vegetation * 
and regularly oiled. Paris green was applied only to ponds earmarked 
for drinking purposes and to breeding places from which vegetation ~ 
could not be removed readily. Daily spray-killing of adult mosquitoes 
with pyrethrum insecticide was practised in the unit areas as well as in 
the local villages within half a mile of the periphery of the camps. But, 
as already stated, these measures proved successful only when carried out 
under the efficient supervision of an anti-malaria unit. 


In Ceylon and Southern India, the static camps were brought 
under fairly satisfactory control by adopting the same policy as in Bengal, 
except that the anti-larval measures were confined to the carrier species 
of the region concerned. During training exercises, however, these 
measures were impracticable and the commanders were accordingly 
instructed to select sites for night halts at least half a mile away from the 
local human habitations, thereby eliminating the chances of infection in 
troops. At first, the implications of these instructions were not fully 
appreciated, as an odd hut in the jungle was not recognised as 4 source 
ofdanger. In time, however, this principle came to be observed in detail 
with satisfactory results. ) 
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TREATMENT OF MALARIA 


Prior to the outbreak of war, the Army-in-India followed a standard 


o for the treatment of malaria, the details of which are tabulated 
eciow .— 
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Days | Drug | | Indian troops | British troops 
1 to 2 Quinine ae | 10 grains t.d.s. 10 grains ż.d.s. 
3 to 7 Mepacrine(atebrin) 0-1 g. t.d.s.p.c. Ol g. tds. p.c. 
" 8 to 9 No drug ie im Bs 
10 to 14 Pamaquin (plas- 0-01 g. b.d.p.c. 0-02 g. morning 


moquin) 





0:01 g. evening f.c. 





~ 


For cerebral, hyperpyrexial, choleraic, dysenteric, algid or hae- 
morrhagic cases, quinine dihydrochloride 6 grains in 10 c.c, water intra- 
venously or mepacrine methane-sulphonate 0°3 g. in 5 c.c. of water 
intramuscularly were prescribed. 


In peace-time this regimen had been observed to resolve readily the 
clinical attacks from all the three species of malaria parasites and had 
proved particularly successful in reducing the relapse rates in Plasmo- 
dium vivax infections to an extremely low level. Nor was its efficacy 
doubted under operational conditions in the first three years of the war. 


Towards the end of 1942, however, it was reported that malaria 
cases in Assam were not responding satisfactorily to the standard treat- 
ment and that many of them were observed to relapse while taking 
the course or immediately after it. The view expressed in these 
reports was that the strains of parasites in Assam were apparently 
refractory to mepacrine and pamaquin, therapeutic action of which 
was suspected to be inferior to that of the corresponding German products. 
In contrast, quinine was alleged to have proved remarkably efficacious 
in Assam, especially if given intramuscularly. These reports were view- 
ed with serious concern, for, if confirmed, they posed not only a pressing 
therapeutic problem but raised larger issues concerning the supply of 
anti-malarials. As it was, the situation regarding these drugs was none 
too easy, as after the loss of Java, the Allies were faced with a serious 
shortage of quinine and had to rely chiefly on synthetic substitutes. If 
the latter had proved to be less effective in Assam than elsewhere, It 
would have been necessary to allocate to this front considerable quanti- 
ties of quinine from out of all available stocks. 


On receipt of these reports in October 1942, an immediate investi- 
gation was undertaken at Manipur Road which fortunately showed that 
the evidence, on which the standard treatment had been condemned, 
was vague and indefinite. In the first place, there was no certainty that 
the so-called resistant cases had actually received and swallowed the drugs 
as prescribed. Indeed, in the overcrowded state of the hospitals, the 


standard of supervision over the administration of drugs was obviously 
below that necessary for assessing the value of a regimen, Secondly, 
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many of the patients in Assam had been exposed to heavy multiple infec- 
tions. The fact that the relapses amongst such patients might not have 
been due necessarily to the recrudescence of the original infection through 
failure of treatment but to co-existing infections with heterologous species 
or strains of malaria parasites was not fully appreciated and ruled out. 
Thirdly, the proportion of such resistant cases was not worked out and, 
consequently, no allowance was made for the presence of hyper-suscep- 


tibles amongst troops who respond poorly to most forms of treatment. 


Despite the reassuring outcome of this enquiry, it was thought 
desirable to settle this issue through a detailed investigation particularly, 
as in malaria therapy, quinine and atebrin had displayed significant 
difficulties in curative action against different strains of malaria parasites. 
In 1943, therefore, a medical specialist assisted by an adequate team of 
pathologists and nursing staff was detailed to test the efficacy of standard 
treatment on a controlled series of microscopically diagnosed malaria 
patients at Gauhatiin Assam. The findings of this enquiry are summaris- 
ed below which, incidentally, indicate the scope of the investigation :— 


(i) The standard treatment was efficacious against the local strains 
of malaria parasites in Assam. 

(1) The standard treatment was as efficacious as a regime in which: 
quinine (20 grains) was given along with mepacrine and 
pamaquin, 

(iii) Mepacrine and pamaquin were as effective as atebrin and 
plasmoquin. 


(iv) Fhe apparent failures in treatment were due to patients not 
swallowing the drug. 


It is interesting to record that during the malaria season of 1943 
the standard treatment was declared efficacious in Assam hospitals even 
before the findings of the above investigation were published. ‘These 
improved results were probably brought about through two causes. In 
the first place, the hospital accommodation on this front had increased 
considerably which ensured a better administration of drugs to patients 
in 1943 thanin 1942. Secondly, owing to intensive anti-malaria measures 
on the L of C, the chances of acquiring multiple infections had been 
reduced considerably, so that the clinical attacks in 1943 were probably 


caused by a simpler type of parasitaemia than those prevailing in the 
preceding year. 


During 1942, it was impossible to disentangle the relative importance 
of these two factors in Assam, as heavy malarial infections then co-existed 
with a shortage of hospital accommodation and lack of proper supervision 
over treatment. In 1943, however, a brigade of British troops was expos- 
ed to severe infections in Arakan and was evacuated direct to India for 
rehabilitation soon after the expedition. Despite the fact that malaria 
cases in this brigade received treatment under favourable hospital condi- 
tions, the standard treatment was reported to cure the clinical condition 
in each attack, but a significantly large proportion of cases suffered from 
repeated relapses of both P. vivax and P. falciparum infections. In contrast 
to the Arakan cases, relapses after treatment were markedly less in those 
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patients who had acquired malarial infection in the mosquito-controlled 
stations in India. Admittedly, the differences in relapse rates in the two 
groups could have been due to differences in the parasitic strains, but it 


is more probable that they were caused by the varying amount of infec- 
tion to which the two sets of patients had been exposed. 


The abovegexperience deserves careful note as it is akin to the 
conditions encountered in an epidemic of malaria in which severe and 
relapsing attacks of malaria even amongst adequately treated cases are so 
common a feature. While it is difficult to indicate with certainty the 
exact manner in which the infection factor enhances the severity and 
relapsing character of malarial attacks, it is highly probable that this 


phenomenon is closely related to the state of communal resistance. For, 


in malaria therapy, it has been shown that in their reaction to malarial 


infections the non-immune individuals display wide variations, a small 
proportion belonging to the two extreme groups of hyper-susceptibles 
and refractory, while the remainder constitute the intermediary group of 
normally receptive. In the field, when non-immune troops were expos- 
ed to a low rate of infection the above reactionary grouping probably 
prevailed. Under conditions of multiple infections and re-infections 
with different strains and species of parasites, however, the resultant 
complex parasitaemia might well have disturbed the inherent resisting 
powers of the border-line individuals, so that despite adequate treatment 
a larger number of the normally receptive persons reacted as hyper-sus- 
ceptibles with consequent increase in the proportion of severe and relapsing 
attacks, This view is illustrated diagrammatically below. 


DIAGRAMMATIC SKETCH OF VARIATIONS 
IN INDIVIDUAL RESISTANCE TO MALARIA INFECTION 
UNDER DIFFERENT DEGREES OF INFECTION RATES 
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Whatever the exact explanation, it would be safe to assert that for 
the proper assessment of a regimen in the field, not only the strains of 
parasites but also the rates of infection prevailing in the area have to be 
constantly borne in mind. On this basis the therapeutic trials at 
Gauhati in 1943 are open to the objection that they were carried out on 
cases occurring in a mosquito-controlled section of the L of C who could 
not, therefore, have received as heavy and repeated a dåse of infection as 
the malaria cases in 1942. The results obtained in these trials and the 
conclusions reached should, therefore, have been worded as subject to 
this limiting factor. As an example of the opposite condition, it is interes- 
ting to quote experiences with the organic arsenical compounds which, 
in combination with the standard treatment, were reported to cure many 
of the relapsing Arakan cases. And yet these compounds displayed 
no superiority when tested on local malaria cases in India. Bearing 
in mind the foregoing discussion, this should have been expected, as the 
standard treatment by itself would cure so high a proportion of the mild 
attacks caused by low infection rates in India that the trials would fail 
to show the superiority of the arsenical compounds observed in the heavily 
infected individuals from Arakan. 


Historically speaking, however, the outstanding event in the 
therapeutics of malaria during 1943 was that the standard treatment 
regained its popularity. This course remained unaltered till 1944, when 
a change became necessary, as all the troops in the operational areas 
had by then been placed on suppressive mepacrine. It was argued 
that malaria cases in such troops should not be placed on quinine, as any 
particular advantage from the use of this drug would be counterbalanced 
by the loss of the mepacrine concentration in their blood in the interim. 
A more logical course would be to place them on mepacrine treatment 
straightaway, preferably in high initial doses, so that the existing concen- 
tration be raised to a therapeutically effective level as rapidly as possible. 
For the same reason pamaquin was deemed superfluous, as its anti- 
relapse action could be readily duplicated by placing such cases on sup- 
pressive mepacrine at the end of the curative course. The standard 
treatment was accordingly amended to a single drug regimen, shown 
below, which remained in force up to the end of hostilities in 1945. To 
avoid confusion, however, particularly in hospitals, which received cases 
both from the operational and non-operational areas, a parallel course 
was worked out for the latter troops not on suppressive mepacrine. 
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Days Drug Operational areas |Non-operational areas 
1 to 2 Mepacrine .. | 0-2 g. ¿.d.s.p.c. 0-2 g. i.d.s.p.c. 
3 to 7 Mepacrine .. | Ol g. £.d.s.f.c. Ol g. t.d.s.p.c. 


Thereafter Mepacrine .. | 0-1 g.onceadayas | 0-1 g. daily for six 
suppressive treatment; weeks as anti-relapse 
treatment. 
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STORES AND EQUIPMENT 


As already mentioned, the stocks of anti-malaria equipment available 
in India were short of requirements even at the beginning of 1942, Later, 
when sanction was received for the expansion of anti-malarial activities, 
the gap between supply and demand widened still further, and it was fear- 
ed that unless immediate steps were taken it would not be possible to 
implement in time the revised cantonment scheme and the accelerated 
ralsing programme of the anti-malaria units. 


For immediate supplies, overseas resources could not be relied upon 
as, owing to shipping difficulties, a minimum time lag of one year occur- 
red between indent for and arrival of equipment. The only solution, 
therefore, was to secure through local manufacture at least those items 
of anti-malaria equipment which were essential and in immediate demand 
and which could be readily manufactured. Falling in this category 
were the different types of sprayers used in malaria control, and efforts 
were accordingly concentrated on producing locally the knapsack sprayers 
for oiling, the hand blowers and mixers for Paris green and the hand 
sprayers for spray-killing of adult mosquitoes. In the last group, a special 
type of large hand sprayer, called Malaria Institute Special Handsprayer 
(MISH), designed by the Malaria Institute of India, was selected for 
manufacture as it gave continuous spray of fine atomised cloud covering 
a distance of 10 to 15 feet and was, therefore, particularly useful for 
large scale spraying operations. Its issue was confined mostly to anti- 
malaria units on an ‘as required’ scale to an average figure of about 
200 sprayers per unit. For general issue to the troops the usual commer- 
cial type of hand sprayers were produced in bulk by the ordnance and 
distributed at a scale of one sprayer per officer and one sprayer per ten 
other ranks. 


The main drawback in the locally manufactured sprayers was that, 
being hand made, they had all the defects incidental to this method of 
production. Thus, the sprayers were not mechanically identical so that 
each unit had to be inspected and tested separately before it was accepted 
by the inspectorate staff; secondly, the nuts and nozzles were not standar- 
dised and could not, therefore, be supplied as spare parts for the sprayers. 
These defects had, however, to be accepted and were, to a certain 
extent, minimised by issuing sprayers in excess of the sanctioned scale 
and by establishing workshops in selected anti-malaria units for repairing 
and refitting those with minor defects. 


These sprayers were manufactured in sufficient numbers to satisfy 
the needs of the cantonments and the anti-malaria units raised In 1942, 
enabling the latter to proceed to the operational areas well equipped for 
instituting malaria control measures. Equipment for malaria surveys 
and investigations, such as microscopes and entomological outfits, a 
frequently short of the authorised scale, but these articles were supplied 
to the units in the field as and when the stocks permitted. 


Owing to the extreme importance of the adulticide measures in 
the Me E- malaria on this front, the supply of hand sprayers was 
supplemented by importing a large number of power-driven spraying 
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machines normally used for spray painting. The type selected was the 
portable petrol-driven unit No. NH 616 with a GLB cup and gun 
marfufactured by the De Vilbiss Go., Toledo, Ohio, USA. To economise 
in shipping space these machines were received packed in cases 24 x1} 
x 1} feet and were assembled and mounted on a trolley locally, 


The scale of issue of the power-driven sprayers was determined ona 
regional basis, but provision was usually made to allocate at least ‘four 
such sprayers to each anti-malaria unit. Incidentally a special case 
had to be made out for placing these sprayers on the list of articles 
declared essential for the prosecution of the war before their manufacture 
on a sufficient scale was permitted in the USA. 


As regards stores, the most serious shortage was in anti-malarial 
drugs, for early in 1942 the total stocks of quinine and mepacrine in the 
army stores were about twenty tons and two million tablets respectively, 
Both these drugs were, therefore, placed on the list of controlled drugs, 
their issue to the various commands being made by the GHQ (India) 
on a specified scale every quarter. Every possible step was taken to ensure 
economy in expenditure and strict instructions were issued to expunge 
these drugs from prescriptions for non-malarial cases and to restrict 
suppressive treatment with mepacrine only to the troops in forward 
areas, where active preventive measures were impracticable. 


After the loss of Java, there was little chance of replenishing the 
stocks of quinine as the limited yield from the cinchona plantations in 
India had to be set aside for the local civilian population. Immediate 
indents were, therefore, placed on the United Kingdom and the USA 
for large and progressively increasing quantities of mepacrine so that, in 
course of time, it practically replaced quinine as an anti-malarial. 


The stocks of pyrethrum extract in India were fairly satisfactory in 
1942, but even here strict rationing was enforced to prevent wastage as the 
produce from the East African pyrethrum plantations, which was the only 
source of supply left to the Allies, was insufficient to satisfy the rapidly 
mounting demands for this substance. In the meantime, intensive 
investigations were started to search for alternative insecticides amongst 
which lethane gave promising results. The problem of insecticide 
shortage was, however, solved only in 1944, when dichloro-diphenyl- 
trichloro-ethane (DDT) became available in large quantities and proved 
effective against the local vectors in India. 


Even after the advent of DDT, pyrethrum was, for a time, needed 
in large quantities, as it was an essential ingredient of the anti-mosquito 
repellent cream. This cream had originally a greasy base which, how- 
ever, caused such extreme discomfort through inducing excessive sweating 
in hot and humid climate that its formula had to be revised to a vanishing 
cream base. The production of the new cream, in turn, involved many 
manufacturing difficulties particularly in regard to the procurement of 
raw materials, and it took almost a vear and a half before it became 
available in sufficient quantities to allow of unrestricted issue. Later, 
the synthetic liquid repellent di-methyl phthalate (DMP) was received 
in large quantities from the USA which, compared with the anti-mosquito 
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cream, proved not only superior in action but was found more convenient 
to use, particularly in the operational areas. 


No serious shortages in larvicides were encountered as, although 
the stocks of Paris green were low, this deficiency was effectively counter- 


balanced by malariol and diesel oil which were available in liberal quanti- 
ties at all times. 


_ Finally, the arrangements made for the transportation and distri- 
bution of equipment and stores are perhaps worth recording. Owing 
to the congested state of railway traffic in 1942, the safe and timely delivery 
of stores could be ensured only if these were personally conducted. But 
the problem was to evolve ways and means of economising on men required 
for conducting such duties and to organise a regular flow of stores to 
widely scattered units in the field. This was effected by delivering the 
stores in bulk to 9 Indian Anti-Malaria Unit at Manipur Road, where a 
local dump was formed as a temporary measure. The above arrange- 
ment, however, proved so successful that similar dumps were established 
in other anti-malaria units even after the advanced depots medical stores 
had begun to function. Later still when the manufacture and distribution 
of sprayers was taken over by the ordnance, the anti-malaria units conti- 
nued to act as centres for the distribution of anti-malaria equipment and 
stores to the neighbouring units. 


CHAPTER IX 


Anti-Malaria Campaign in 1943 


OPERATIONAL SITUATION 


In 1943, operations in the combat arcas in Assam were of crucial 
importance to the future conduct of the war, but these did not affect 
the anti-malaria organisation to the same extent asactivitics on the L of C. 
Here the existing bases were enlarged and established, and many new 
ones established, while the transportation system from Manipur Road 
railhead to Imphal was reorganised and provided with regular staging 
posts en route. Beyond Imphal the road to Tamu was graded and widened 
and two additional roads were constructed along the parallel valleys of 
Tiddim and Aijal into Burma, of which the former ultimately developed 
into a permanent L of C. 


The additional control work entailed by these developments was, 
however, set off by a certain amount of reduction in the Ledo area which, 
early in 1943, was taken over by the American forces to form a starting 
point for the Stilwell Road into Burma and China. None the less, the 
anti-malaria unit, stationed at Ledo, continued to operate there for six 
months when the American authorities were able to take over control 
with their own anti-malaria organisation. 


In Arakan, the 26th Indian Division, later reinforced by a British 
brigade group, advanced into the Mayu Range early in 1943. This 
force, however, encountered stiff Japanese resistance and had to be 
withdrawn before the onset of rains to the Tumbrughat line in the 
estuary of the Naf river. 


In India, activities were concentrated mainly on organising the 
recruitment of personnel for the large number ofnew units and formations 
raised during the year. This in turn, necessitated further expansion of 
cantonments and erection of additional camps to accommodate the 
continuously increasing military forces. For the training of these units 
a number of jungle training centres were established in suitable terrain, 
each of which needed extensive malaria control measures. The pro- 
tection of new supply bases and hospital towns added further to the 
commitments of the anti-malaria organisation. 


In November 1943, a major change in the overall strategic policy 
resulted in the creation of two independent commands, namely the 
SEAC and India Command. This necessitated a parallel split in the 
anti-malaria organisation to provide for the separate needs of the two 
commands, 


ANTI-MALARIA ORGANISATION 


Malaria Staff Appointments: Throughout 1942, the anti-malaria 
staff officers had been subjected to intolerable strain owing to the conti- 
nual expansion of the malaria control activities on the one hand and the 


ANTI-MALARIA CAMPAIGN In 1943 277 


organisation of anti-malaria training of the newly raised units and forma- 
tions on the other. The necessity for an increase in the cadre of anti- 
malaria staff appointments had thus been felt even in 1942, but the 
difficulty was that officers with the necessary qualifications were not then 
available. In 1943, however, the situation improved considerably as 
many of the commanding officers of anti-malaria units had in the mean- 
time acquired sufficient practical knowledge and experience in the field 
to be considered for these appointments. Early in 1943, therefore, 
necessary action was taken whereby the anti-malaria staff appointments in 
most of the command headquarters were upgraded to assistant directors 
of malariology (ADsM) and new posts of deputy assistant directors of 
malariology (DADsM) were created in lower formation headquarters. 

The position regarding staff appointments in October 1943 was as 
follows :— 


i Formations | ADsM DADsM 
GHO (India) 1 i 
Command Headquarte ; 3 3 2 (onem 
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| Southern Com- 

| mand and one in 
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Ceylon Army 
Command) 
District or equivalent headquarters ns “ 9 
Fourteenth Army Headquarters .. ix 1 së 
L of C Area Headquarters | 5 
Total p s E E | 5 


17 

Anti-Malaria Units: To meet the increase in anti-malaria commit- 
ments both inside India and in the operational areas, provision had to be 
made for raising a correspondingly large number of anti-malaria units. 
It was realised, however, that the improvised arrangements utilised in 
1942 for mobilising these units would be inadequate for implementing 
the new expanded programme. The raising centre was accordingly 
shifted from Delhi to the anti-malaria wing of the Army School of Hygiene 
at Babina and placed under a DADM, whose main functions were to 
arrange for the speedy collection of equipment and stores for the units 
and to carry out technical training of the personnel. As a result of these 
revised arrangements, a large number of well-trained anti-malaria units 
became available during the year for allocation to operational areas in 
Assam and Arakan and the jungle training centres, supply bases and 
recruiting and training camps in India. The disposition of these units 
in October 1943 was as follows:— 
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Location Number of anti-malaria units 
India 7 i T T i8 
Operational areas T ve sy 47 
Ceylon Army Command za .. 3 


Total ji de xš me 68 
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With the formation of the SEAC and India Command towards the 
end of 1943, separate anti-malaria establishments had to be provided 
for both. This was effected by increasing the staff appointments and by 
reallocating the available units as shown below :— 
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Designation SEAC India Total 
Command 
ADsM sa il a 2 | 5 7 
DADsM so s% tù 6 14 20 
Anti-malaria units me oe 39 
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MALARIA CONTROL IN OPERATIONAL AREAS 


Malaria Problems (Assam Front): On reviewing the malaria situa- 
tion at the end of the rainy season of 1942, it was obvious that the anti- 
malaria measures employed on the Assam front during the ycar, though 
admittedly inadequate, had succeeded in averting a complete break- 
down of the LofC. Many incidents could be quoted which, by contrast, 
brought out the value of these measures, but the most striking was thatof a 
large railway construction project at Rangapahar near Manipur Road 
which was started in April 1942 without anti-malaria cover and which 
had to be closed down six weeks later when 90 per cent. of the labourers 
became ineffective through malaria. 


Nevertheless, control measures employed in 1942 were limited in 
scope and, as a consequence, malaria rates, even in the protected units, 
reached extremely high figures and remained at that level for months so 
that in the course of the year most of the individuals serving in Assam 
had suffered repeatedly, few escaping one attack. All the units were, 
therefore, exposed to considerable physical and mental hardships through 
having to function at low strength and with personnel who were 
constantly going sick and were being continually replaced by inexperien- 
ced men. Control measures could thus merely claim to have succeeded in 
keeping the malaria rates below the level at which the units would have 
disintegrated. 


Another disconcerting feature of the situation was that the troops 
had lost confidence in the preventive value of anti-mosquito measures in 
Assam and were, in consequence, becoming non-co-operative. It was, 
therefore, of the utmost importance to make every effort to counteract 
this impression. 

An intensive drive was accordingly undertaken early in 1943 in 
which the nature of the malaria problems and the methods of control 
applicable to Assam were explained to the troops through lectures, pamph- 
lets and personal letters from the commanders. Despite these activities, 
it was recognised that the confidence of the troops in anti-malaria measures 
could only be restored by demonstrating a spectacular and convincing 
fall in malaria rates through malaria control. 
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The dominant consideration in such a control scheme, which was 
eventually sanctioned, was that its details should be based on factual 
data collected from observations made in 1942. Thus the scheme could 
be expected to succeed only if it was sufficiently comprehensive to afford 
adequate protection to troops, against both local infection and that 
contracted in transit, as it was impossible to be certain how much of 
malaria in 1942 had been caused by one or the other factor. Secondly, 
it was essential to conform to a schedule as the successful outcome of the 
scheme depended upon whether or not it was completed before 
the onset of malaria season, i.e., before the end of March 1943. Finally, 
the scheme could be implemented only in a sector, such as Assam, where 
the L of C was sufficiently stabilised to allow of anti-mosquito measures 
on a comprehensive scale. 

As regards the forward areas in Assam, the frequent movements 
and constant patrolling activities of the operational units created problems 
of malaria in 1943 which did not materially differ from those encountered 
in the preceding year. Even, there, however, an accurate assessment of the 
locally acquired malaria could not be made as the figures did not exclude 
malaria cases amongst reinforcements who frequently contracted infection 
during transit but developed acute attacks after their arrival in the for- 
ward areas. It was, therefore, reasonably certain that the elimination 
of the transit infections through mosquito control on the L of G would 
not only lower the malaria rates in the forward troops but would, at the 
same time, serve to bring out the amount of malaria directly attributable 
to the specific conditions in the forward areas. 

Malaria Problems (Arakan Front): In Arakan, the military operations 
which began in February 1943 created a malarial situation which was 
analogous to that encountered in Assam in 1942, in that the advance 
started just before the beginning of the malaria season and left in its wake 
an ill-defined L of C which could not be protected by organised and 
timely anti-mosquito measures. It was not till June 1943, when the 
troops retreated to the pre-arranged line in the Nat estuary, that the L 
of C was stabilised and a comprehensive control scheme could be enforced. 

Apart from this tactical factor, anti-mosquito measures in Arakan 
had to be suited to the prevailing epidemiological features of malaria in 
the region. In this regard, the foot-hill sector of Arakan need not be 
described in detail, for, as in Assam, malaria in such areas was carried by 
A. minimus and A. leucosphyrus whose breeding habits and seasonal pre- 
valence have already been reviewed in Chapter VIII. The coastal 
plain of Arakan, however, presented a distinctive problem as the main 
carrier there was the brackish-water breeder A. sundaicus, o 

The chief requirements of this species was the degree of salinity 
of water in the breeding place which had to be within a specified range 
of tolerance. So long as this essential condition was fulfilled A. mpegs 
displayed no particular preferences, its larvae occurring a in = 
types of water collections whether large or small. For this reason, t a 
most favourable situations were the junctions of fresh-water streams wit 
the saline tidal creeks where the mixture of the two types of hara] cti] 
ed the requisite amount of salinity in the neighbouring pools, lagoons, 
ricefields and miscellaneous collections of water. 
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Nevertheless, such potential breeding places were invariably inno- 
cuous if they were exposed to the flushing action of the daily tide and it 
was only, where embankments around ricefields or habitations interfered 
with this action that the man-made breeding grounds appeared. In 
contrast, fresh-water pools just outside the range of the daily tide but 
exposed to periodic neap tides or hurricane floods constituted the natural 
and permanent habitats for the species. 


The above breeding peculiarities conditioned the density of A. 
sundaicus which varied markedly from place to place and even in the same 
locality from season to season, as the existence of optimum salinity in the 
breeding places depended upon a precarious balance between the amount 
of rainfall and the fresh-water contents of the hill streams on the one hand 
and the occurrence of unusual tidal waves on the other. As a conse- 
quence, the amount of malaria produced by the species was equally 
unpredictable. In normal years the disease was restricted to localities 
having an abundance of permanent, natural and man-made breeding 
grounds, but in favourable meteorological circumstances it flared up 
into an epidemic sweeping over a large section of the coastal tract. 


Although there is strong evidence that the adults of this species 
possess an unusually long range of flight, the inference that the active 
dispersal of A. sundaicus from permanent foci occasioned the epidemics 
of malaria along the coastal plain is open to doubt. For an equally 
plausible explanation for these outbreaks would be that in such localities, 
the species normally prevailed in small and possibly undetectable numbers, 
but in epidemic years, when breeding conditions became unusually 
favourable, it multiplied rapidly into an enormous population. This 
would also explain the extreme seasonal and annual variations in the 
severity of malaria observed along the Arakan coast where, in a given 
year, the disease broke out either in the spring or in the autumn or during 
both or in neither of the two seasons. 


Policy of Malaria Control in Assam L of C: As already explained, in 
planning an effective anti-mosquito ` scheme for the Assam L of C the 
overriding consideration was not merely to institute controls around each 
base in an isolated and disjointed manner but to plan a continuous 
chain of protected installations for the troops in transit. Since the major 
portion of the L of C between Gauhati and Palel was intensely malarious, 
malaria control, over the entire countryside, would have been an impos- 
sible task. It was necessary, therefore, to confine anti-mosquito activities 
to a succession of ‘ harbours’. 


The delimitation of each ‘harbour’ was left to the discretion of the 
local commander who settled the boundary line so as to include the exis- 
ting installations and sufficient space for expansion, care being taken to 
congregate scattered units so as to reduce the size of the controlled area 
to the minimum. Furthermore, in the selection of these ‘ harbours’, 
both for siting permanent installations and transit camps, preference was 
naturally given to those localities which were inherently free from malaria 
such as the banks of the river Brahmaputra near Gauhati, the large rice- 
growing plain of Imphal and the mountainous regions around Kohima 
and to the south of Palel. 
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Troops in transit could j i 
i ; , according to this overall plan, escape in- 
fection by proceeding from one malaria-controlled or alaridos 


‘harbour’ to the next. ther idi i : 
: A eby avoiding the intervening uncontrolle 
and highly malarious sections. 5 q 


Methods of Malaria Control in Assam L of C: In Chapter VIII 
attention has been drawn to the fact that during 1942, owing to jungle 
growth, the larvicidal parties were unable to treat all the mosquito breed- 
ing places up to the requisite distance of one-half mile around camps. 
This was a serious drawback which greatly lowered the value of anti- 
larval measures carried out during that year. In 1943, therefore, efforts 
were concentrated on remedying this defect by making all such breeding 


places readily accessible through extensive drainage and clearing opera- 
tions. 


Although these drainage»projects, which are described in subsequent 
paragraphs, were the dominant feature of the anti-malaria scheme in the 
year under review, improvements in, and extension of, other methods 
of malaria control were by no means ignored. Thus the scope of systema- 
tic spray-killing of adult mosquitoes with pyrethrum insecticide was 
greatly expanded by liberalising the issue of MISH and power-driven 
sprayers to anti-malaria units on an ‘as required’ scale. 


Elaborate steps were also taken to eliminate infection amongst rail 
passengers by reorganising malaria control of the entire railway system 
in Assam. Each anti-malaria unit was made responsible for a definite 
section and all railway stations therein were surveyed in detail. Those 
found malarious were allotted anti-malaria gangs who carried out 
malaria control measures in the station precincts and the neighbouring 
villages. They also undertook the spraying of night trains which, as a 
consequence, were treated successively at most of the main railway centres 
such as Gauhati, Lumding, Badarpur and Manipur Road. As an addi- 
tional precaution, spraying squads accompanied troop-trains and 
sprayed all compartments whenever the trains halted during the night in 
between the railway stations. 


Road convoys were similarly protected by establishing malaria- 
controlled staging posts. Maps showing such malaria-controlled and 
malaria-free areas in the L of C were freely circulated and the information 
contained therein was supplemented by road signs showing the limits of 
malaria-protected or malaria-free zones. 


Personal malaria precautions were rigidly and systematically 
enforced in the form of a daily anti-malaria drill which was originally 
developed by the 23rd Indian Division but was later adopted by all 
operational units. With the help of this drill, frequent night checks, 
special orders, pamphlets and posters, the troops displayed signs of tangible 
improvement in malaria discipline during 1943. Even the established 
military practices had to give way to anti-malaria needs in certain respects. 
Thus the reveille in military units located in the foot-hills was postponed 
by one hour where practicable so as to protect troops from the bites of 
A. minimus which was known to be particularly voracious in the early hours 


of the morning. 
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Drainage Projects: During 1943, drainage projects in many locali- 
ties were installed by the anti-malaria units but the most notable was 
that carried out by the Military Engineering Service in Manipur Road, 
which, apart from being the largest scheme, served a particularly useful 
purpose as a Virtual training centre. Here the commanding officers of 
anti-malaria units and others received short practical demonstration 
of the drainage methods which enabled them to institute similar works 
in their own areas through labour and transport supplied by the local 
commanders. The.result was that, in the short non-malarious interim 
of three months, it was possible to establish malaria-controlled ‘harbours’ 
in most of the main concentration centres such as Gauhati, Badarpus, 
Lumding, Kanglatongbi, Palel, Chittagong, Cox’s Bazar and the Tiddim 
Road. 


Since the procedure followed in the execution of these works was the 
same in different localities, it would suffice to illustrate the drainage 
methods employed by giving a detailed account of the scheme in Manipur 
Road. . 

The military base at Manipur Road occupied a narrow strip of land 
between two rivers, the Dhansiri and the Diphu (vide map). The 
northern section of the base was comparatively open consisting of rolling 
hills and flat swampy valleys, but towards the south, it was covered by a 
dense continuous forest of high trees broken only by restricted clearings 
around individual camps. To the north the units were, therefore, scat- 
tered in the open countryside over a wide area, but to the south they were 
sited in the immediate vicinity of the road to Imphal which traversed 
the base along its entire length. 


Mosquito breeding places in the base were many and varied in 
character, but the types needing particular attention were those which 
formed the favourite habitat for A. minimus, namely, the streams and the 
seepage swamps. The drainage operations, though mostly concentrated 
on these breeding places, were, however, not exclusively restricted to 
them, as the parallel aim was to relieve the water-logged soil and to 
provide a rapid run off for water, wherein the other vector species, 
A. leucosphyrus, was apt to breed. None the less large tanks, borrow-pits 
and large rivers and their overflow pools were left untouched, as they 
did not constitute the favourite breeding grounds of both the carriers. 


In the programme of work, the perennial streams naturally received 
first priority, and their canalisation was accordingly completed early in 
March 1943. Later, operations were extended to those streams and 
seepage patches in which water appeared only after the pre-monsoon 
showers and work thereon was completed towards the end of April. 


A set routine was evolved for dealing with these streams. First, 
the upper reaches of the streams were defined by clearing the undergrowth 
for 40 feet on either side of the channel. Since the seepage contour 
of the streams and catchment areas was apt to move up after the rains, 
this was provided for by clearing the uppermost reaches for 30 to 40 feet 
above the point where the dry weather flow began. 


_ The main stretch of the'stream was next taken up and canalised by 
straightening its course, clearing its bed and providing it with properly 
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graded banks, These operations were progressively extended to the out- 

falls which were deepened and cleared of silt to let the water drain out. - 
freely. After most of the accumulated water had been drained away, 
the seepage patches that still remained were located and intercepted by 


A parallel or a herring-bone system of drains or by racket-shaped oval 
rains. 


Finally, as work on each stream was completed, it was handed over 
to the anti-malaria units for larvicidal treatment and for general main- 
tenance, adequate provision for which at the earliest possible moment 
constituted an essential feature of the scheme. For this purpose, two anti- 


malaria units, one section Royal Engineers and 1,000 labourers were kept 
permanently employed on Manipur Road. 


The question as to whether the jungle growth should be removed 
from places other than around the streams and seepages evoked consider- 
able discussion, as it was feared that after indiscriminate clearings, many 
seepage pools which were innocuous while shaded would be exposed 
to sunlight and would then form dangerous breeding places for 
A. minimus. The final decision taken was to permit only the removal of 
undergrowth and small trees, around the camps, with unit labour, up to a 
distance of 50 yards. -This compromise was an unqualified success as 
it removed the steamy dank atmosphere and improved the general 
amenities of the camps by promoting the rapid drying of tents and ground 


without, at the same time, adding on undue number of new breeding 
places. : 


The original drainage scheme in Manipur Road envisaged opera- 
tions over about ten square miles which involved canalisation and jungle 
clearance ọf about a hundred miles of water-run. In this phase of the 
scheme 4,000 men and 20 lorries were employed for a period of three 
months, the total number of man-days and lorry-days expended being 
360,000 and 2,500 respectively. These figures did not, however, 
include unit labour engaged on clearance work around camps which was 
estimated at an additional 500,000 man-days. In the course of the year, 
however, the base area was extended on all sides and drainage measures 


had to cover nearly 30 square miles involving the construction of a net- 
work of 600 miles of drains. 


As already stated, this project was executed by the Military 
Engineering Service through the local Gommander Royal Engineer, 
who had at his disposal two assistant engineers, five sub-divisional officers 
and fifteen overseers. Although the engineers had no previous experience 
of this type of work, they had no difficulty in applying appropriate meas- 
sures once the basic principles of anti-malaria drainage had been ex- 
plained to them on the ground. Shortage of trained supervisors, was 
however, a more serious problem, particularly as there was no time to 
teach them how to canalise streams and to select proper sites for inter- 
ception drains, This difficulty was overcome by starting drainage works 
over small areas under qualified overseers to whom a number of trainee 
supervisors were attached for practical instruction. After one or two 
weeks, these supervisors were placed in independent charge of fresh 
areas and the work was thus progressively expanded in scope till it 
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absorbed the full quota of 4.000 labourers. This procedure ensured 
that every detail of the drainage operations was executed under intelligent 
supervision without which the scheme might well have had the OPposite 
effect, i.e., aggravating the malariogenic conditions, 


The two assistant engineers, Lieutenant Masters and Mr. Lynn, 
were later placed in charge of the Royal Engineer Sections (anti-malaria), 
which were subsequently formed for maintaining the anti-malaria 
drainage projects in Manipur Road and for initiating fresh schemes in 
Assam and Arakan. It is tragic to record that Mr. Lynn, through whose 
energy and effort the drainage scheme in Manipur Road was completed 
on schedule and who planned many new projects for Palel and forward 
areas, contracted a severe and malignant form of malaria which led to 
his death early in 1944. 

Policy and Methods of Malaria Control in Arakan L of C: During 
1943 a planned malaria control scheme analogous to that instituted in 
Assam could not be enforced in Arakan, where, in the first half of the 
year at least, the L of C was too unstable and undefined for such action. 
Nevertheless, drainage operations and extensive anti-larval measures 
were Carried out around Chittagong and Cox’s Bazar, but troops operating 
beyond the latter place had to rely only on suppressive treatment, pyreth- 
rum spraying and personal prophylactic measures. 


Drainage measures employed in the foot-hills in and around Chitta- 
gong and Cox’s Bazar were similar to those enforced in Assam, but in the 
coastal section, the policy adopted was to keep out salt water in the creeks 
by constructing embankments fitted with automatic sluices which let 
out fresh-water only at low tide. In other localities, 1t was more econo- 
mical to remove all embankments and other obstructions to allow a 
freely flowing daily tide to exercise its beneficial flushing effect. 


MALARIA CONTROL IN FORWARD TROOPS 


Anti-mosquito measures such as drainage and systematic spraying 
of insecticides could not, for obvious reasons, be enforced in areas where 
forward troops were operating. Throughout 1943 the prevention of 
malaria in such troops was, therefore, attempted through suppressive 
mepacrine and measures of personal precautions enforced in the form of 
an organised anti-malaria drill. 


Personal Protection Measures: Measures of personal protection were 
kept under constant study and in the course of the year many improve- 
ments were introduced, Thus, in order to ensure that the troops would, 
at all times, wear proper protective clothing, they were issued a cotton 
battle dress consisting of a full sleeve blouse and long trousers. For the 
same reason, the wearing of shorts and half sleeve bush-shirts was forbid- 
den in the combat areas even in the day-time. The issue of light mos- 
quito-proof bivouac tents was another useful measure, as it afforded 
adequate protection from rain which had frequently prevented the opera- 
tional troops from setting up their mosquito-nets in the open. Similarly 
the issue of improved vanishing variety of anti-mosquito repellent cream 
was initially restricted to forward troops before the stock position had 


improved sufficiently to permit its general issue to the rear areas. 
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A disturbing feature of the situation, however, was that although 
these efforts had succeedtd in raising the standard of malaria discipline 
to a satisfactory level, particularly amongst divisional troops, the malaria 
rates did not show a corresponding decrease. It was not surprising, 
therefore, that the troops were apt to question the protective value of - 
such discipline and were inclined to look upon it as an eyewash and treat 
it accordingly. 

On investigation, however, it transpired that while anti-malaria 
precautions in the forward areas had been rigidly and conscientiously 
enforced down to sub-unit headquarters, the patrolling parties did not 
always observe them. The latter thus acquired infections during the short 
period of their detachment, and since such patrols were drawn from 
different platoons or companies in rotation, it was not long before the 
entire unit or formation suffered from a general outbreak. 


It was necessary, therefore, to review the routine of jungle patrols 
in detail, when it was found that, during contact with the Japanese, surprise 
attacks were so frequent and common that the patrols were disinclined to 
utilise those protective measures, such as veils and nets, which reduced 
visibility, or hampered movements. The use of an effective mosquito 
repellent was, therefore, the only feasible alternative, but the repellent 
action of even the improved vanishing variety of anti-mosquito cream 
lasted only a limited period of time, which necessitated repeated applica- 
tions during the night. This was frequently impracticable partly because 
of the impossibility of exercising adequate supervision over dispersed 
troops and partly because such troops were mostly engaged on laying 
ambushes when the slightest movement would be fraught with danger. 


These observations, amply confirmed in Assam and Arakan, thus 
explained the apparent paradox of the co-existence of a high rate of 
malaria in forward troops with seemingly good malaria discipline. The 
main problem, therefore, was to devise effective and practicable protective 
measures for small detachments and patrolling parties, intensive investi- 
gation on which was taken up in 1944 which is described in Chapter X. 


‘Suppressive Treatment: While prevention of malarial infections was 
the accepted ideal, it was realised that in the prevailing circumstances 
suppression of clinical attacks with mepacrine was the only alternative 
for keeping the forward troops on their feet. From practical experience, 
however, it was found early in 1943 that the prescribed break in mepacrine 
administration for one day in the week could not be regulated in the field 
and the course was, therefore, altered to a daily dose of one tablet (O°lg.) 
of mepacrine. 


It was also recognised that, without stringent supervision, troops 
could not be relied upon to take suppressive treatment regularly. Strict 
instructions were, therefore, issued emphasising that mepacrine tablets 
must be given in the presence and under the direct supervision ofan offi- 
cer. To promote a suitable routine in the unit for administering the 
drug and to ensure a high mepacrine concentration in the blood ot indi- 
viduals before exposure to infection, it was also laid down that suppressive 
treatment should be started seven days before the entry of troops into 
malarious areas or the commencement of malaria season. Finally, 


586 PREVENTIVE MEDICINE 


provision was made that on the withdrawal of troops to a non-malarious 
locality or on the termination of the malaria season, the suppressive course 
was to be continued for a minimum period of 14 days before the troops 
were placed on a course of ‘blanket treatment” described in Chapter 


VIII. 

The efficacy of the above regimen was closely studied, both in 
Arakan and Assam, throughout 1943. The general experience was that 
while units under suppressive treatment had low malaria rates in the 
first four to six weeks of exposure to infection, the incidence of disease 
thereafter rose sharply to a very high figure, These observations 
posed another problem, namely, whether the delayed rise in malaria rates 
was due to irregularity in mepacrine or that the drug in the prescribed 
doses was not completely effective against repeated and massive malarial 
infections prevalent in Assam and Arakan., This problem was also 
subjected to intensive investigations in 1944 as described in Chapter X, 


Malaria Forward Treatment Unit (MFTU): The scope of the anti- 
malaria measures in 1943 varied on the two fronts which, in turn, produ- 
ced different effects. In Assam, partly because of control of local malaria 
in the L of C and partly because of an increase in the hospital accom- 
modation, the great majority of malaria cases evacuated from the forward 
units was absorbed in the base hospitals. Many of the such cases were, 
therefore, saved from lengthy evacuation back to India and were able to 
return to their units within a reasonably short time. 


The advantage secured was that, owing to the low number of rein- 
forcements required, the units could preserve their homogeneous charac- 
ter which had a considerable beneficial effect on their morale and fight- 
ing efficiency. 

In Arakan, on the other hand, the incidence of malaria was high 
both along the L of C and in the forward troops as had been the case 
in Assam during 1942. As a consequence, the local hospitals were soon 
filled to capacity and the bulk of malaria cases had to be evacuated to 
India. In the course of time, the hospital accommodation in the neigh- 
bouring commands was used up and such patients were, therefore, evacua- 
ted farther and farther back till the evacuation traffic embraced distant 
stations, such as Peshawar and Poona. It was months before these men 
could be returned to their units and, in the interim, replacements had to 
be sent forward continually which had an adverse effect on the compo- 
sition and morale of the units. 


To meet this situation which, at the time, was considered likely to 
recur whenever the army was to make a forward move during the malaria 
transmission season, a new type of unit was devised intended solely for 
the treatment for malaria cases in the operational areas and was Called 
the MFTU. This unit hada holding capacity of 600 patients and 
was equipped to diagnose and treat malaria cases both Indian and British. 
It was designed to fill a role parallel to that of a casualty clearing station 
and was to have sufficient mobility to move forward with a division. 
‘Treatment of malaria cases in these units was to be shortened to a seven- 
day course at the end of which the individuals were to receive daily 
suppressive mepacrine and returned to their units through a neighbouring 
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lt must be emphasised that the anti-malaria organisation was 
concerned only with assisting, and collaborating with, those who were 
engaged on forming and developing the MFTUs. The deployment of 
these units, however, remained at all times exclusively under that section 
of the Medical Directorate which dealt with the evacuation of casualties, 


MALARIA CONTROL IN INDIA COMMAND 


Since India Command, as such, was formed only towards the end 
of 1943, historically speaking, the descriptive heading of this sub-section 
should have been malaria control in cantonments. In actual fact, 
however, the anti-malaria activities in India had expanded so markedly 
that early in 1943 the cantonment scheme had lost its former importance 
particularly as it could develop automatically along the lines laid down in 


1942, 


Improvements in this scheme, however, became necessary in two 
directions. In the first place, the civilian malaria medical officers were 
permitted to join the newly formed IAMC for service within Indian limits. 
This change in policy, apart from satisfying the repeated representations 
of these officers for an increase in pay scales, gave them a military rank 
which helped them considerably in the performance of anti-malazia 
duties in the cantonments. The need for, and advantages of, continuity 
in anti-malaria measures had by then been fully realised by most of the 
local commanders, but to prevent unnecessary transfers all such orders 
had to have the previous approval of the GHQ (India). Secondly, the 
policy governing the allotment of funds for permanent anti-malaria 
engineering works was revised, the decision taken being to concentrate 
on completing such works in a few selected stations each year rather than 
to disperse funds in small sums over a large number of cantonments. 


Amongst the fresh activities in India, undertaken by the anti- 
malaria organisation during 1943 the following were the most important :— 


(i) Anti-malaria -training of newly raised units and formations. 
(ii) Malaria control in jungle warfare training areas. 
(iii) Malaria research organisation. 


Training in Anti-Malaria Measures: In accordance with a special 
India Army Order, all ranks were to receive training in personal protec- 
tion and other anti-malaria measures; unit commanders were to render 
a quarterly report certifying that such instructions had been given, 
and that weekly parades and demonstrations had been held embodying 
the anti-malaria drill, and that all ranks were in possession of protective 
clothing, anti-mosquito cream and mosquito-nets in a proper state of 
repairs. Other topical orders contained a provision that all units would, 
in addition to the hygiene establishment, form an anti-malaria squad 
for treating mosquito breeding places within their camps or lines and a 
spraying gang for spraying barracks, huts or tents with insecticides, 
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The training of these unit anti-malaria squads and spraying gangs 
was left to the regimental medical officers. But the difficulty was that 
most of the regimental medical officers were themselves not adequately 
conversant with these measures particularly as in many of the units the 
duties of such officers were performed by civil medical practitioners. 
Arrangements had, therefore, to be made to hold a series of training 
courses for the unit medical and non-medical officers in different stations 
and brigade groups. 

In these courses, which were conducted by the anti-malaria staff 
officers, the general policy of military malaria control was explained 
to the students and the methods of training unit anti-malaria squads 
and unit spraying gangs demonstrated to them. The following points 
were, however, particularly stressed as they had been observed not to 
have received the desired degree of attention:— 


(i) The devastating effect of high malaria rates on the operational role 
of the army. ; 

(ii) The indifference of commanders to enforce detailed supervision 
over malaria precautionary measures and suppressive treatment. 

(iii) Failure of commanders to visualise the exact manner in which 
different groups contracted malaria and to take appropriate 
and timely action under varying operational conditions, such as 
during train journey, on the line of march and on patrol duties. 

(iv) The paramount importance of utilising malaria-controlled or 
malaria-free ‘harbours’ for halts along the L of C and of avoiding 

- local habitations in siting temporary night ‘harbours’ in forward 
areas. 

(v) The utmost importance of selecting suitable sites for permanent 
camps and locating them in areas which were either naturally 
non-malarious or could be relatively easily controlled. The 
fact that the malariogenic factors varied in different parts of the 
country was especially stressed. 


Malaria Control in Jungle Warfare Training Areas: During 1943, 
intensive training of troops in jungle warfare was taken up in preparation 
for the forthcoming large scale operations envisaged on the Assam-Burma 
border. A number of training areas were accordingly selected in different 
parts of India, each spread over hundreds of square miles of difficult 
and intensely malarious jungle terrain. The control of these vast areas 
by an anti-larval method presented an enormous task, impossible to exe- 
cute within the time and with the resources available. ‘Troops engaged 
on such training in 1943 had, therefore, to rely on personal protection — 
measures while some of the units were placed on suppressive mepacrine. 


Despite these precautions, however, the malaria rates in these troops 
_ were extremely high, ranging between 25 to 50 per cent. of strength after 
an average period of training lasting six weeks. ‘Towards the end of the 


year, therefore, the entire problem was reviewed and the following policy 
adopted :— 


(1) The training in jungle warfare should, wherever possible, be 
restricted to the non-malarious months, 
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(ii) The sites for new jungle training centres should be selected in close 
collaboration with the malariologists and located, to the maxi- 
mum extent possible, in the northern half of India where, with 
the exception of Bengal and Assam, the malaria season was short. 

(iti) A comprehensive malaria control scheme should be planned and 


a in those training centres which could not be closed or 
moved. 


The Jungle Warfare Training School, Managade, Mysore, was one 
of the centres which could not be closed or moved. Control measures 
In it are described below to illustrate the problems that had to be faced 
in such centres, This school was located in a hyperendemic foot-hill 


terrain where A. fluviatilis transmitted malaria during eight to nine months 
of the year. 


The anti-malaria measures employed were designed to afford 
protection to students during rail journey on joining and leaving the 
school, inside the school area and during training of jungle patrols. To 
avoid infection during the rail journey, it was required that students 
should travel through the malarious sectors only in the day-time. For 
those who could not avoid travelling at night, protection was to be given 
by allocating spraying gangs to the malarious stations to spray the 
station buildings, the neighbouring villages and the night trains. Around 
the school area, an anti-malaria unit enforced the usual anti-mosquito 
measures such as interception of seepages, canalisation of streams, oiling 
of breeding places and systematic spray-killing of adult mosquitoes 
with pyrethrum in school building, hutments and neighbouring villages. 
For the prevention of malaria in the jungle patrols the procedure adopted 
was to notify the proposed route to the commanding officer of the anti- 
malaria unit who, thereupon, arranged for the spraying of all villages and 
huts en route, with pyrethrum insecticide, a week before the patrol was 
scheduled to start. Furthermore, the school training staff and the 
commanding officer of the anti-malaria unit collaborated in selecting 
suitable areas separately for day and night patrols and allocated the 
least malarious ones for night patrolling. All students were required to 
practise anti-malaria drill throughout their stay in the school and were 
to avoid villages and small hamlets in the selection of temporary night 
‘harbours’ during jungle patrols. These measures were included as 
essential parts of the training course. 


Malaria Research Organisation: Throughout 1942 and 1943 the 
dominant preoccupation had been to. develop a malaria control 
organisation as rapidly as possible, and all efforts were accordingly direct- 
ed to that end. Such problems of research as emerged from routine 
control in the field were referred to the Malaria Institute of India for 
laboratory tests and small field trials. Among such investigations may 
be mentioned the development of a suitable repellent cream, the prepara- 
tion and testing of watery emulsion of pyrethrum insecticide, assessing 
the protective value of mosquito-netting of varying weaves and meshes 
and that of the different patterns of mosquito-nets, veils and gloves. 


Towards the end of 1943,. however, it was apparent that the 
researches carried out in the Malaria Institute of India, though extremely 
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valuable, suffered from the serious handicap that the civilian staff of the 
institute was unable to carry out field investigations under actual military 
conditions. There was, therefore, an urgent need for creating a separate 
army malaria research organisation. 

At first it was hoped that 1t might be possible to utilise anti-malaria 
units for this purpose, but on detailed consideration this proposal was 
dropped as the investigatory and control sections of these units were 
so Closely integrated that the former could not be detached for prolonged 
enquiries. It was, therefore, decided to organise new units with establish- 
ment and equipment designed exclusively for research work. 


Just then the War Office allotted 1 British Malaria Field Laboratory 
and 2 British Entomological Field Unit to India Command and to the 
SEAC respectively. Accordingly the former unit was, on arrival, 
detailed to Arakan to undertake field research on some of the outstanding 
problems, detailed plans for which had previously been worked out in the 
GHO (India). 

These arrangements relieved the situation to some extent, but not 
entirely, as provision had still to be made for initiating a number of 
important and urgent investigations within India, such as the formulation 
of malaria control schemes for the jungle training centres, the evaluation 
of the newly discovered insecticide DDT under varying local conditions 
and the development of an effective mosquito repellent. In 1944, 
therefore, a malaria research organisation, consisting of an ADM 
(Research) at the GHQ (India), one Indian central malaria laboratory 
and two Indian malaria research units, was created. The investigations 
undertaken by this organisation were, in certain fields, complementary 
to the research programme of 1 British Malaria Field Laboratory, but the 
former had the additional advantage that it could cover a wider and 
more continuous ground than was possible in the forward areas, where 
a change in the tactical situation frequently cut short crucial enquiries 
at critical moments. 


CHAPTER X 


Anti-Malaria Campaign in 1944 


OPERATIONAL SITUATION 


Towards the end of 1943, military preparations for offensive action 
had been completed by both sides, but the Japanese were the first tostrike 
when, early in 1944, they made a determined attack on the Arakan front 
in considerable force. After some initial successes the attack was, how- 
ever, effectively contained and, within a few weeks, fighting on this 
front resumed its previous character of local skirmishes and patrol activity. 
Despite this failure, the Japanese persisted in their plans and, in March 
1944, launched what was obviously a preconceived and complementary 
offensive action on the Assam front. This attack increased in tempo 
during the subsequent two months, culminating in the withdrawal of 
the Indian forces from the Kabaw and Tiddim valleys to Imphal Vale. 
The scene of battle next shifted to Kohima and the stretch of the L of G 
south of it. This resulted in the isolation of the Imphal garrison which 
was thereafter supplied by air lift till July, when it was finally relieved. 
Japanese attempts to advance northwards on to Manipur Road, however, 
evoked bitter and prolonged resistance which effectively stopped the drive 
in that direction. By this time, the Japanese forces had exhausted them- 
selves and a timely counter-attack delivered in July and August caught 
them completely off their guard. This opened the way for a steady 
advance which cleared the L of C to Imphal and beyond and, by the end 
of the year, enabled the Indian troops to be firmly established on the 
river Chindwin. In the Arakan, a similar co-ordinated offensive ended 
in the recapture of Maungdaw and the Mayu Range. 


MALARIA PROBLEMS 


The operational activities in Assam during the first half of the year 
simplified the work of the anti-malaria organisation, as malaria control 
commitments decreased considerably after the withdrawal of troops from 
the long and malarious areas along the Tiddim and Kabaw valleys. 
Anti-mosquito protection of units and formations engaged In operations 
on Tiddim Road and those guarding other malarious foot-hill re-entrants 
around Imphal was, admittedly, a fresh responsibility, but this was a 
light task compared to the previous effort. Introduction of these mea- 
sures was further facilitated by the changed character of the operations, 
as troops were then concentrated in open country on a narrow and readily 
accessible front, instead of being dispersed over difficult jungle terrain at 
the end of long and malarious L of G. 


Further north, the situation was equally satisfactory from the malaria 
viewpoint, as the battle of Kohima was fought over a non-malarious 
mountain-side while the supply line from Gauhati to the front via Mani- 
pur Road was effectively protected by the comprehensive malaria control 
scheme described in Chapter IX. | 
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In the second half of the year, the situation was Just the reverse, as 
the counter-offensive, which began in July, was continued throughout 
the malaria season, along the intensely malarious valleys of 'Tiddim, 
Kabaw and Kale. The anti-malaria organisation was then faced with 
problems similar to those in Assam during 1942 and in Arakan during 
1943, but on a much wider scale. A large force, dispersed over a large 
area, was then advancing steadily, leaving behind progressively lengthen- 
ing and ill-defined L of C on which mobile formations were strung out in 
continually shifting ‘harbours’ and camps. In such circumstances, 
a malaria disaster would have been inevitable had it not been for the fact 
that the methods of control had also, in the meantime, progressed suffi- 
ciently to cope with the situation. 


In Arakan, after the initial battle which lasted only a short time in 
the non-malarious season, the malaria control activities soon settled down 
tonormal. There, a particularly favourable feature of the situation was 
that even the main battle did not disturb the L of C to any great extent, 
so that it was possible to attend to the deficiencies in anti-mosquito 
measures around malaria-controlled ‘harbours’ before the malaria 
season began. 


In the course of observations made during 1943, however, it was 
noticed that malaria in Arakan had two obscure and somewhat abnormal 
epidemiological features. In the first place, the seasonal incidence of 
the disease in the foot-hill sector began earlier in Arakan than in similar 
terrain in Assam. Secondly, in some areas, a high degree of malaria 
prevailed even though the local breeding places were apparently unsuit- 
able both for A. sundaicus and A. minimus. A detailed malaria survey 
was thus urgently needed in Arakan, and 1 British Malaria Field Laboratory 
was accordingly instructed to undertake the necessary enquiry in colla- 
boration with the local anti-malaria units. These investigations, which 
were initiated early in 1944, led to the discovery of two additional carrier 
species in Arakan, namely Anopheles jeyporiensis var. candidiensis and A. 
philippinensts. 

The former species, the regional prevalence of which was mostly 
confined to the small hillock areas between the coastal plain and the foot- 
hills, was encountered in numbers only in night-catches as it rested almost 
exclusively outdoors in the day-time. This explained why this species 
= been missed in previous surveys which had relied on day-catches 
alone. 


Although the seasonal incidence of A. jeyporiensis was short, being 
strictly limited to March and April, it nevertheless played a dispropor- 
tionately important role due to its regional and temporal association with 
A, minimus. For, by commencing transmission early in the year, it ralsed 
the. gametocyte rates in the local population which enabled the late- 
comer A. minimus to start intensive transmission earlier and to carry 
heavy infections over a longer period than in regions where the latter 
species alone prevailed. The disease was, therefore, abnormally severe 
in these localities, a phenomenon also observed in other places where the 
seasonal incidence of one vector species overlapped that of another, 
such as A. minimus and A. leucosphyrus in Kabaw Valley. | 


ANTI-MALARIA CAMPAIGN IN 1044 293 


The control of A, Jeyporiensis did not, however, present as difficult 
a problem as might be imagined, as its breeding habitats were practically 
the same as those of A. minimus. Drainage measures taken against the 
latter species, therefore, automatically eliminated A. jeyporiensis. As 
a consequence, despite the fact that this species was a potential danger 
over the greater part of the Arakan coast, it gave rise to little malaria 
during 1944, in the well drained and controlled ‘ harbours’ extending 
from Chittagong to Bawli Bazar; the only outbreak traceable to it occur- 
ring in the locality where it was incriminated as a carrier. 


There is no denying the fact, however, that in the military opera- 
tions of 1943, when effective drainage measures could not be instituted 
on an adequate scale, it must have been directly responsible for the enor- 


mous amount of malaria which prevailed in forward troops in April 
that year. 


As regards A. philippinensis, the malaria carrying role of this species 
in Bengal had been fully recognised, but there was no reliable record 
of its being a vector also in Arakan. Fortunately, the terrain suitable 
for its prevalence was limited in extent, being restricted to a small section 
of the L of C, south of Cox’s Bazar. 


POLICY AND METHODS OF MALARIA CONTROL 


Organisation: In the first three months of the year, no change was 
made in the anti-malaria organisation but, after the withdrawal from 
the Kabaw and Tiddim valleys, a large number of anti-malaria units 
became surplus on release from the evacuated sections of the L of C. 
These spare units were accordingly detailed for permanent duty with 
individual divisions and corps and, to that extent, the original policy 
of allocating anti-malaria units on a regional basis was modified. Nor 
was this arrangement altered when-the counter-offensive began later in 
the year, as such units were then needed for organising DDT spraying 
among forward troops. 


Another organisational innovation during the year was the appoint- 
ment of staff captains (anti-malaria) to the army and L of C headquarters 
who acted as forward malaria liaison officers and carried out special 
tasks such as air-spraying of DDT. The post of consultant malariologist 
was also created in the Headquarters ALFSEA, to which Brigadier 
M. K. Afridi was appointed on 8 August 1944. 


Policy of Malaria Control: In the first half of the year, the general 
principles of malaria control remained unchanged both in the forward 
areas and along the L of C, but in the second half a radical change was 
brought about by two factors: 


(i) The newly discovered insecticide DDT was brought into use on a 

progressively increasing scale. 

(ii) Mepacrine suppressive treatment was demonstrated to confer 

| complete freedom from clinical attacks of malaria if the drug 
was regularly taken. | 
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The influence ofthese two factors on anti-malaria policy and on 
the methods of control under varying operational conditions was so 
profound that it is necessary to present these two developments chronolo- 
gically and in some detail. 


Preliminary Trials of DDT: Supplies of DDT for experimental 
purposes became available towards the end of 1943, when field and labora- 
tory investigations were started with the main object of testing its effective- 
ness against the Indian species of anophelines in the dosages employed 
elsewhere, evolving suitable technique for its application under vary- 
ing operational conditions and developing appropriate spraying 
equipment. These experiments were undertaken simultaneously by the 
Malaria Institute of India, 1 British Malaria Field Laboratory, 2 British 
Entomological Field Unit and Colonel Scharff of the Medical Advisory 
Division, Supreme Allied Gommand, South East Asia. 


As a result, considerable data became available by July 1944 which 
proved that DDT was fully effective against a variety of Indian 
anophelines. When sprayed on walls, its lethal action persisted for many 
weeks, a suitable working dose to obtain such a residual effect being 
one quart of 5 per cent. solution of DDT to each 1,000 square feet 
of wall surface (about 200 mg. per square foot). Air spraying of DDT 
-was equally lethal to insect life, at the usual rate of three imperial quarts 
of 5 per cent. DDT to an acre, but its effectiveness lasted over a shorter 
period of 10 to 14 days. 


Residual Spraying of DDT: From these preliminary results, it was 
concluded that residual spraying of wall surfaces with DDT would, 
on the whole, be the most desirable regime for general use, particularly 
in localities where anti-larval measures were in force, as such sprayings 
would effectively fill certain unavoidable gaps in larval control. 


The anti-malaria action of residual spraying, however, depended 
upon the systematic extermination of mosquitoes resting on the treated 
walls which prevented them from living sufficiently long to carry the in- 
fection to the sporozoite stage. The underlying principle was thus the 
same as that of pyrethrum spraying but, because of its residual action, 
DDT applications were only required at long intervals instead of 
the daily sprayings necessary with pyrethrum. 


While fully recognising this advantage, it was necessary at the 
same time to bear in mind the limitations of residual spraying. For, 
with this method, spraying operation had to be started at the beginning 
and continued to the end of the malaria season, if mosquitoes were to be 
prevented from becoming infective. But such optimum conditions 
prevailed only in stationary bases, permanent camps or cantonments, 
where timely and regulated sprayings could be arranged. On the other 
hand, during the counter-offensive in 1944, when temporary camps had 
to be laid out in localities where transmission was already in full swing, 
residual spraying of the camps could not be relied upon to afford complete 
protection, as the infective mosquitoes existing in the locality could, on 
entry, bite and transmit infection before they were killed by the delayed . 
action of DDT on tents or walls. 
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In these circumstances th 
A En E e alternatives were ei mi 
the entire infective mosquito popula SOE T Cia 


E € tion by extending sprayin ti 
to all the resting places in the neighbourhood before ee pr — 


pied, or to create an effective barrier against their infiltration into 
the camp. The former method was largely impracticable in jungle 
warfare as habitations and abandoned Japanese foxholes, which harboured 
these mosquitoes, were frequently scattered and inaccessible and there 
was hardly ever sufficient time for exploring and spraying them properly. 


_ It was, therefore, decided to explore the second alternative, for 
this method, if successful, could be profitably employed not only in tempo- 
rary camps but also around ‘harbours’ of isolated troops detachments 
in whom malaria prevention had hitherto presented a particularly vexing 
problem. 1 British Malaria Field Laboratory was accordingly detailed 
to evolve a suitable technique for laying a barrier with DDT, analogous 


to that tried in America for the protection of small groups of men from 
the bites of Aedes. 


. Titals on Barrier Spray of DDT: The initial trials were carried out 
in villages near Jessore, in the paddy and jute growing part of East Bengal, 
where A. philippinensis is the principal malaria carrier. These villages 
were particularly suitable for the trial as the scattered small hamlets 
therein were located at some distance from each other and could, therefore, 
be used separately for differential test sprayings. 


In one of these hamlets, a barrier was laid by spraying the inside and 
outside surfaces of walls and ceilings of all the huts and sheds and every 
feature in the terrain up to 50 yards around it (ground surface, tree trunks 
and shrubs) with 5 per cent. DDT solution in kerosene, at the rate of 
five gallons to an acre. 


Records of day and night collections of mosquitoes made before and 
after spraying showed that the barrier had produced a 90 per cent. reduc- 
tion in the mosquito population inside the protected zone during the period 
of observation of three nights, whereas in an untreated hamlet outside 
the 50-yard belt, no significant change in mosquito density was observed. 
A visual confirmation of the effectiveness of the barrier was obtained with 
fire-flies, enormous numbers of which could be seen flying outside the 
sprayed area but none remained on the wing inside the protected zone, 
where hundreds lay on the ground in a moribund state. Very small 
numbers, however, usually managed to penetrate the barrier on the third 
night. 


That this reduction in mosquito population was not caused by 
the repellent action of kerosene was borne out by observations on another 
hamlet in which identical treatment with kerosene containing DMP 
(eight ounces in five gallons) produced no reduction in mosquito density. 


Finally, an attempt was made to compare the relative value of 
residual and barrier spraying and, for this purpose, only the interior 
surfaces of buildings in yet another hamlet were sprayed at a dosage of 
about one quart of 5 per cent. solution of DDT in kerosene, per 1,000 
square feet. The results showed that in this hamlet, the day-catch decrea- 

‘sed by 91 per cent., but, unlike the results obtained with barrier spray, the 
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night-catch continued at 40 to 50 per cent. of the mosquito population 
observed before spraying. 


Policy Regarding Application of DDT: The results of these trials 
were communicated to the ADM, Fourteenth Army, who applied the 
barrier method of spraying to camps in Imphal and in the neighbouring 
valleys with complete success. In the course of these spraying operations, 
he took the opportunity to elaborate the technique into a more or less 
standardised form, 

By October 1944, sufficient knowledge about DDT had thus 
accumulated, on which a weil-defined policy concerning its use under 
varying operational conditions could be based. The main features 
of this policy were as follows:— 


(i) In permanent camps under anti-larval control, DDT was applied 

i as a residual spray to the interior surfaces of buildings, huts and 
tents once a month at an approximate dosage of one quart of 
5 per cent. DDT in third grade kerosene to each thousand square 
fect of surface. 

(ii) In temporary camps, where anti-larval measures were impracticable 
or contra-indicated, DDT was applied as ‘ area’ or ‘ barrier’ 
spray once a week, or once a fortnight, depending on entomoio- 
gical reaction and availability of labour and stores. In this 
method, DDT was to be sprayed on: 

(a) the inside and outside walls of tents, huts and buildings; 


(b) ground surface and vegetation inside the camp and to a 
distance of 50 yards all round it. 

Walls and vegetation received a heavier dosage of DDT than 
bare ground, but the overall dosage of DDT did not exceed 
five gallons to one acre. 

(iii) Where effective control by barrier spray could not be established 
in time, DDT was sprayed from aircraft at an approximate dose 
of three imperial quarts to one acre. 


Organisation of Ground Spraying with DDT: It was soon realised 
that, unlike the anti-mosquito measures previously employed, DDT 
ground spraying, if properly exploited, had immense potentialities in 
that such spraying could be easily and rapidly organised under diverse 
conditions. Anti-malaria protection through insecticides could, there- 
fore, be cxtended to operational units much further forward than was 
hitherto possible. Indeed, the decision to allocate anti-malaria units 
to individual divisions during the counter-offensive was based on the 
realisation of this fact. 


To ensure a widespread and successful use of DDT under varying 
operational conditions, however, it was necessary, in the first place, 
to arrange for adequate instruction in spraying techniques throughout the 
command. With this end in view, field demonstrations of residual and 
barrier spraying were set up in different areas which were attended by 
anti-malaria and hygiene staff officers and commanding officers of anti- 
malaria units. The last named officers were, in turn, instructed to 
undertake the training of the spraying squads of units and formations 
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in their respective areas. The procedure laid down was that 


ae round of spraying in each camp would be carried out by the anti- 
malaria unit itself, but thereafter the operations would be entrusted to 


camp spraying squads who would work unde ie 
the anti-malaria unit. r the general supervision of 


Secondly, it was necessary to provide for an adequate s 
spraying equipment which, it Wes Ta would be pr yea pe 
very large scale. Efforts were accordingly made to test out in the field 
a variety of Improvised sprayers constructed from salvaged material. 
It soon became evident, however, that such improvisations could not 
possibly satisfy the rapidly mounting demands and that reliance would 
have to be placed on modifying the existing patterns of anti-malaria 
sprayers or bringing into use stirrup pumps which were available in 
large numbers and which could serve the desired purpose if fitted with 
suitable nozzles. 


These trials also brought out the fact that for rear areas the knap- 
sack sprayer was the best all-round machine, both for residual and barrier 
sprayings, provided the necessary precaution was taken to supplement 
the stocks of the locally manufactured knapsack sprayers, which were 
frequently liable to break down, with stirrup pumps or with a quota of 
sturdy foreign pattern knapsack sprayers. 


For unit squads in forward areas, the MISH, with its nozzle hole 
locally enlarged to twice the original size, proved an adequate and 
feasible proposition, although even here stirrup pumps were found 
more appropriate for spraying relatively static camps, such as head- 
quarters of battalion or company. y 

Air Spraying of DDT (Preliminary Experiments): For air spray, the 
policy adopted was again to utilise only the existing spraying equipment 
and such aircraft as would be readily available for immediate use. ‘The 
trial and operational spray flights undertaken in 1944 were, therefore, 
limited to Hurribombers, fitted with two 250-lb. Smoke Curtain In- 
stallations (SCI). 


The preliminary experimental flights, carried out at Palam near 
Delhi and at Cuttack and Chilka Lake in Orissa, showed that this air- 
craft, flown at a height of 100 feet and at an average speed of 180 miles 
per hour, gave in each spraying run an effective swathe 200 yards wide 
and 1,000 yards long, when spraying solution was released simultaneously 
from both the SCIs. The average dosage cover obtained over this 
swathe was about three imperial quarts of DDT solution to one acre of 
ground surface. 

Based on these findings, a selected site near Tamu, 2,000 yards by 
3,000 yards (nearly two square miles), was next subjected to air spraying 
in October 1944, partly to protect the troops located there and partly 
to assess the entomological results after an air spray over a heavily 
forested terrain. Detailed observations showed that in one catching 
station the mosquito population, which comprised mostly A. minimus, 
A. jeyporiensis, A. philippinensis, A. hyrcanus and Culex spectes, was reduced to 
nil up to the twenty-fifth day after spraying, but in three other stations 
reduction in density to nil or very low numbers lasted only five days, 
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although even in these a general recovery of mosquitoes was not apparent 
till the tenth to twelfth day after spraying. In the course of dissections, 
one infected A. minimus was encountered in the collections made from a 
catching station near the edge of the sprayed area, 21 days after spraying. 


The concluston drawn from this experiment was that, at the dosage 
and with the technique outlined above, the protection afforded by air 
spray could not, with safety, be relied upon for longer than 14 days and 
that the operation would then have to be repeated unless adequate ground 
spraying had, in the meantime, been started. 


Organisation of Air Spraying of DDT: Next, efforts were made to 
evolve a routine procedure for air spraying. For this, a suitable opportu- 
nity presented itself when spraying operations were undertaken between 
30 November and 7 December over ten square miles of divisional con- 
centration areas in Kabaw Valley, entailing 180 sorties of Hurribombers. 


The successive steps in organising this spraying operation are out- 
lined below as they formed the basis for the procedure which was subse- 
quently followed with only such modifications as were necessitated by the 
employment of a different type of aircraft. 


Firstly, the target area, selected by the divisional commander, 
was submitted for approval to corps and army headquarters. Secondly, 
after the necessary approval had been obtained, the dimensions of the 
selected area, in square miles, were intimated to Group Headquarters, 
RAF, which allotted a squadron of Hurribombers to carry out the requisite 
number of sorties, calculated on the basis of approximately 200 yards by 
1,000 yards per sortie. Thirdly, the ADM, Fourteenth Army, establish- 
ed a direct liaison with the squadron commander to arrange for the 
actual spraying operations. He placed an adequate supply of DDT 
solution at the disposal of the squadron and prepared detailed particulars 
of the target for each day, on a one-inch map. For the latter purpose, 
the selected area was divided into squares of 1,000 yards by 1,000 yards, 
each of which formed a convenient spraying unit for six Hurribombers 
sorties, Finally at the time of spraying, two smoke generators were let 
off on the ground, representing the central axis of the selected square 
on the map which enabled the six aircraft flying abreast to make an accu- 
rate run over the target. Where smoke generators could not be arranged, 
spraying was equally satisfactorily carried out on a pin-point map refer- 
ence. i 


SUPPRESSIVE MEPACRINE 


As already stated in Chapter IX, the general experience in 1943 
was that in units under suppressive mepacrine the malaria rates remained 
low for a period of four to six weeks after exposure to malaria infection, 


but thereafter the incidence of the disease increased sharply to a very 
high level. 


_ To determine the underlying cause for this apparent break-through, 
asimple field test was evolved by 1 British Malaria Field Laboratory foresti- 
mating mepacrine concentration in the urine. The technique, which was 
standardised after extensive trials, was to compare the fluorescence of a 
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chloroform extract of alkalinised urine with that of standard solutions 
containing known quantities of mepacrine, in a locally constructed 
fluoroscope in which the ultra-violet radiation was obtained by passing 
sun-rays through a slit fitted with Wood’s glass. Preliminary field tests 
with this method showed that, while individual results ofa single exami- 
nation were subject to fallacies, mean values obtained from a group 
of men were consistent and reliable. Thus it was found that: 


(G) the majority of fever cases displayed a mean concentration level 
which was lower than that of the healthy men in the same unit; 

(ii) ambulant parasitaemic cases without overt symptoms of malaria 
were in that part of the unit which had the lowest mepacrine 
concentration; and 


(iii) no nil reading occurred in the urine of men known to be taking 
mepacrine. 


The inference drawn from these tests was that the estimation of 
mepacrine in the urine might furnish reliable evidence on the state of 
mepacrine discipline in a unit. To confirm this, an investigation was 
initiated in April 1944, on three groups of men belonging to a unit in 
Arakan. The first group received the daily tablet of mepacrine under 
the personal supervision of the investigatory staff; in the second group 
the unit officers exercised the necessary supervision, while the third group 
comprised men on detached duty in whom daily mepacrine could not 
always be supervised by an Officer. 


Mepacrine concentrations in the urine were recorded separately 
for the men in three groups. Individual results, however, varied over 
so wide a range that for adequate analysis it was necessary to categorise 
them as follows:— 


Category 1 from 0:0 to less than 0°5 mg. per cent. 
Category 2 from 0-5 to less than 1'0 mg. per cent. 
Category 3 from 1:0 to less than 2:0 mg. per cent. 
Category 4 from 2:0 to less than 4-0 mg. per cent. 
Category 5 from 4-0 to less than 8:0 mg. per cent. 


From a study of the data, it was apparent that the mean level of 
mepacrine concentration in the urine, in the three groups, varied accord- 
ing to the degree of supervision over the administration of the drug. 
The better the supervision, the higher the mean level and lower the 
proportion of men in categories 1 and 2, i.e. below 1:0 mg. per cent. 
Indeed, these resultswere so remarkably consistent in this, as well as in the 
preceding trials, that the occurrence of. a large percentage of categories 1 
and 2 in a unit could be taken to indicate either that suppressive mepacrine 
had just been started or that the supervision was bad. 


In planning this investigation, the original intention was to corre- 
late the varying degree of supervision in the three groups not only with 
the mean mepacrine value in the urine but also with the respective 
malaria morbidity rates, Towards the end of June 1944, however, 1t 
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was clear that because of the low incidence of malaria in the unit as 
a whole (seven cases in three months) enquiry into this aspect would have 
to be repeated in the post-monsoon months. In the meantime, however, 
the results of investigations in Australia were received, which proved 
conclusively that break-throughs in suppressive mepacrine were caused 
solely by the irregular taking of the drug. It was no longer necessary, 
therefore, to await additional confirmatory evidence, particularly as the 
Arakan investigation, though incomplete in respect of malaria morbidity, 
warranted the same general conclusion. 


Thereafter, all efforts were concentrated on devising ways and 
means for improving the unit mepacrine discipline. The first step 
taken in this direction was to circulate a directive which incorporated 
the Australian experimental findings and their achievements in the 
field. This was followed by personal interviews with the formation 
commanders in which the consultant malariologist and the anti-malaria 
staff officers outlined the full implications of the Australian investigations. 
The point particularly stressed was that, since high malaria rates in a 
unit under suppressive mepacrine were definitely due to slackness in unit 
supervisory arrangements, disciplinary action agalnst the defaulting unit 
commanders alone could bring about the desired improvement. Asa 
result of these interviews, the formation commanders addressed personal 
letters containing the above viewpoint to the unit commanders, stressing 
the paramount need for tightening up unit mepacrine discipline. 


As a second step, medical officers, conversant with the technique 
of quantitative estimation of mepacrine in the urine, were formed into 
mobile teams, which examined men in different units and sent their results 
direct to the superior commanders. By this means, it was possible to 
measure the degree of supervision which the unit commanders exercised 
over mepacrine consumption and to falsify claims of good discipline in 
units showing high malaria rates. The fact that such a check could be 
made greatly assisted the disciplinary drive and had a beneficial influence 
far beyond the range of units actually tested. 


Thirdly, the method of distribution of mepacrine to units was 
examined and modified where necessary. Owing to the insufficiency 
of reserve stocks, the RIASC was reluctant to take over the distribution 
of mepacrineas a part of daily food rations over the entire command but, 
for units supplied by air-lift, they accepted bulk supplies of mepacrine 
at army level and undertook its distribution accordingly. On the L of € 
and in forward areas, where ground transport was in use, distribution 
continued to be effected through medical channels, although in many 


divisions, the battalions and companies were supplied through the 
RIASC. 


__ It would perhaps be pertinent to record that the amount of mepa- 
crine actually consumed averaged about 1°3 tablets per man per day, 
but demands were calculated on 1°5 tablets, as provision had to be made 
against local losses of bulk supplies by hostile action or in air-drop, tem- 
porary increase in dosages to units showing high malaria rates, advance 
calls for supplies to leave parties and detachments and replenishment 
of forward reserve stocks to meet unforeseen demands. 
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; Fourthly, owing to inadequate overall stocks of mepacrine, suppres- 
sive treatment could only be enforced selectively amongst troops operating 
south of Palel and Cox’s Bazar, where anti-mosquito measures were not 
up to the desired standard. As a consequence, a considerable to and 


fro movement of troops was inevitable between sectors where suppressive 


treatment was in force and those where it was not. This gave rise toa 
multitude of problems that had to be defined and covered by specific 
instructions which considerably modified those issued in 1943. For 
example, it was stipulated that units should remain on suppressive 
treatment for as long as they were located in the suppressive zone, even 
during the non-malarious months. Troops returning to non-suppressive 
areas for any reason for a period of less than six months, similarly, should 
continue to take daily suppressive mepacrine, but those whose tour of 
duty covered a longer period should remain on suppressive mepacrine 
for only 28 days after leaving the suppressive zone. 


All movement orders of individuals, parties and units contained an 
instructional clause laying down the particulars of suppressive treatment 
applicable to them, which ensured adequate supervision during the period 
of transit and entitled the individuals or parties to carry the-necessary 
stock of mepacrine tablets and replenish it from the nearest army medical 
establishment. Fresh troops, earmarked for duty in operational areas, 
were placed on suppressive mepacrine two weeks (not one week as in 
1943) before entry into areas where suppressive treatment was in 
force. They were given an initial loading dose of two tablets a day 
for the first seven days to raise their mepacrine concentration rapidly 
to the desired level before exposure to infection. This regimen was select- 
ed, because it ensured a higher mean mepacrine level in the urine than 
that obtained either with a course of two tablets of mepacrine for three 
days or when four tablets of mepacrine were given for three days. 


A more rapid rise in mepacrine level could, however, be secured 
with a course of three tablets for seven days, but this was considered too 
drastic for routine purposes. It was, however, recommended for patrols 
and detachments likely to remain away from strict supervision for short 
periods, since with this dosage a satisfactorily high mepacrine level was 
maintained for one week in an experimental group, even though they 
received no mepacrine after the termination of the seven-day course. 


MALARIA CONTROL IN FORWARD TROOPS 


From the foregoing paragraphs it will be evident that, in the second 
half of 1944, the introduction of DDT profoundly influenced the outlook 
on malaria control in the forward troops. For, even in a rapidly moving 
advance, DDT spraying gangs could readily be organised on battalion 
or company basis under the general supervision of the divisional anti- 
malaria units and, where necessary, these protective measures could be 
supplemented by DDT air spraying. Although it would be rash to claim 
that malaria infections were thereby entirely eliminated, it is perhaps 
safe to assert that these activities reduced the chances of infection consider- 
ably. 
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Another revolutionary concept, which completely altered the pre- 
vious notion of malaria control in the forward troops, was the fact that 
absolute freedom from overt attacks of malaria could be guaranteed 
with mepacrine suppressive treatment, provided the drug was regularly 
taken. 


Despite these improvements in the methods of control, it was felt 
that the problem of protecting small detachments and patrols still remain- 
ed. These men were, as a rule, outside the orbit of DDT sprayings either 
on the ground or from the air, and the incidence of malaria amongst them 
was still dependent upon the effectiveness of supervision over mepacrine 
administration which, for reasons given in Chapter IX, was extremely 
difficult to ensure. In the last analysis, therefore, malaria rates in 
such troops and by extension in the combat units as a whole, depended 
upon the attitude of the individual towards malaria prevention. While 
fully appreciating the fact that this attitude could be markedly influenced 
by military training and junior leadership, actual experience showed that - 
in a newly raised force, engaged on an arduous and nerve-shattering 
Jungle campaign, this influence was apt to lose its effectiveness on men who 
had been through a spell of active service. 


Having regard to the realities of the situation, it was, therefore, 
considered necessary to evolve a measure of protection which would 
be more attractive to patrols and comparatively less dependent on indi- 
vidual initiative than suppressive mepacrine. 


Investigation of Repellents: Amongst the possible measures an effec- 
tive repellent was obviously the most suitable choice, as it had the added 
advantage of protecting the user from painful insect bites. The common 
failing of all the available skin repellents, including DMP, however, 
was that they had to be repeatedly applied during the night, which mili- 
tated against their effectual use in forward areas. A method had, 
therefore, to be devised which could ensure that the effectiveness of these 
repellents lasted over at least one night. 


With this end in view, trials were made on nets of varying meshes 
impregnated with DMP. Initial experiments were conducted on the 
routine camouflage nets for headgear having a mesh of 1'9 cm. and a 
strand thickness of 2 mm., but the results obtained were disappointing as 
they did not protect for longer than four hours. 


_ Attention was next directed to fish-net commonly used in Bengal 
which has a mesh of 1:1 cm. (2 inch) and a strand thickness of 0:5 mm. 
Tests with these nets proved more successful as, after impregnation at 
the rate of 0°5 c.c. of DMP per gramme of net, they gave complete protec- 
tion for two nights, under conditions of biting rates as high as 33 anophe- 
line bites and 108 culicine bites in 15 minutes. 


It was further observed that the protective action of such repellent 
nets was lost if they were covered by untreated clothing or ifthey were hung 
up as mosquito-nets. The impregnated fish-nets were, therefore, effec- 


y any if they were worn as the outermost garment in close contact with 
e body. 
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_ Field Trial with Repellent Fish-nets: Since the fish-net garments did 
not interfere either with vision or handling of weapons, they were defini- 
tely superior to the current patterns of veils and gauntlets made from 
mosquito-netting and khaki drill, respectively. 


It was still necessary, however, to assess their anti-malaria protective 
value, their durability in the field and whether or not the reaction of the 
troops was favourable to their use. A field trial was accordingly carried 
out, from September to December 1944, on 259 men in a training divi- 
sion located ina malarious forest near Saharanpur. These men remain- 
ed under continuous observation over a complete malaria season and their 
training involved living conditions similar to those prevailing in the for- 
ward areas. 


__ Each man in the experimental group was issued with a calico bag 
which contained one set of fish-net garments comprising a veil, a pair of 
oversleeves and a pair of stockings. The set was previously impregnated 
with DMP by the local anti-malaria unit at the rate of 0°5 c.c. of DMP 
to each gramme of net, using approximately 3 ozs. of the repellent per set. 
Reimpregnation was done daily by the men themselves at a formal parade 
by rolling each piece between the palms previously smeared with four to 
five drops of DMP. On an average, one 2-0z. bottle of DMP was suffi- 
cient for eight to ten days of reimpregnation. 


The men wore the net garments from sunset to sunrise and took no 
other precaution such as skin repellents and mosquito-nets. An equal 
number of men in the same company served as a comparison group who 
did not use repellent nets but used skin repellents and mosquito-nets. 


The results showed that the impregnated fish-nets had considerable 
anti-malaria value and stood up well to rough wear and tear, only 20 
per cent. being somewhat damaged at the end of the trial, which lasted 
three months. The men liked the fish-nets and preferred them to 
ordinary mosquito-nets. 


Supplies of Repellent Fish-nets: On completion of the above fieid 
trial, sets of one veil, one pair of stockings and one pair of oversleeves 
in calico bags became an authorised issue to forward units at the scale of 
10 per cent. of strength. The manufacture of netting, however, took 
longer than expected, and it was only in 1945 that an initial supply 
became available and was issued to troops as described in Chapter XI. 


ACTIVITIES OF THE INDIA COMMAND 


Policy of Malaria Control: Developments in methods of malaria 
control in India so paralleled those in the SEAC that it would be unneces- 
sary to describe them in detail. As already stated, initial experimental 
work on DDT was carried out within India Command and action based 
on these findings was, therefore, taken simultaneously in both the 
commands. The only difference was that in India, DDT was utilised 
exclusively for its residual action, as barrier or air spray was unnecessary 
in the case of permanent military installations. The policy of malaria 
control in India thus remained unchanged, except that pyrethrum was 
replaced by DDT for insecticidal sprayings. 
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Suppressive mepacrine, despite the fresh evidence of its effec- 
tiveness, was also not brought into general use in India, as malaria rates 
amongst the permanent stationary garrison troops could be, and had been, 
kept at a satisfactorily low level by effective anti-mosquito measures. 
None the less, in certain jungle training centres, where adequate preventive 
measures were difficult to enforce, suppressive treatment was introduced 
for the protection of both staff and students. Similarly, in the case of 
troops intended for, or returning from, the SEAC, arrangements had to 
be made all over India to ensure that they received their suppressive 
mepacrine in accordance with the accepted routine, 


Malaria Advisory Committee: During 1944, the primary functional 
role of the India Command was to act as a mobilisation and training 
centre and a supply base for the SEAC. As such, the closest possible 
collaboration was essential for developing a closely integrated anti-malaria 
policy in the two commands. To facilitate this, a Malaria Advisory 
Committee was formed with the DDH and P, GHQ (India) as chairman 
and, amongst others, the consultant malariologists and ADsM of both 
commands as members. Experts from the Malaria Institute of India 
and other local research organisations were also co-opted for different 
sessions. 


. Although nominally advisory, the decisions of this committee were 
supported by such expert professional and administrative opinion 
that, except in very rare instances, they readily received the necessary 
approval. The committee thus played an extremely important role in 
expediting action on a variety of anti-malaria problems, such as policy 
on suppressive mepacrine and treatment of malaria, integration of field 
and laboratory researches on insecticides and mosquito repellents, review 
of stocks, demands and allocation of anti-malaria stores and equipment to 
the two commands and revision of anti-malaria establishments and 
malaria control methods in the light of the prevailing situation and 
practical experience in the field. 


CHAPTER XI 
Anti-Malaria Campaign in 1945 


OPERATIONAL SITUATION 


In January 1945, the Fourteenth Army crossed the river Chindwin, 
overran the Shwebo plain and established a firm line on the western bank 
of the river Irrawaddy. After a short pause, the latter river was also 
negotiated at several points, the main objective being Mandalay on the 
opposite bank, which was captured on 14 March. 


l Then ensued one of the bitterest and hardest battles of the campaign 
in the Mandalay-Meiktila region, which ended in a decisive defeat of 
the Japanese. This opened the way for a twin drive along the Sittang 
and Irrawaddy valleys, and while the columns were still fighting around 
Pegu and Prome on their way to Rangoon, a sea-borne force attacked and 
captured that city on 5 May. | 


In Arakan, the islands of Akyab and Ramree were captured in the 
first week of January. The latter island was, thereafter, used as a forward 
base for landing operations in the adjoining mainland which led to the 
occupation of the entire coastal strip by April. 


Towards the end of May, all organised resistance in Burma proper 
had ceased, and such Japanese troops, as still remained in the Arakan 
hills and the Pegu Yomas, were effectively dealt with whenever they 
attempted to fight their way out. More sustained efforts were, however, 
necessary to dislodge them from the Martaban coastal region and the Shan 
Hill tracts where operations lasted from mid-May to the end of July. 


Meanwhile, most of the combat units and formations had been 
withdrawn from Burma and regrouped in India to participate in the 
combined operations for landing in Malaya. Just when the plans for this 
action were nearing completion, Japan surrendered unconditionally 
on 15 August. The entire scheme was then recast to make provision for 
mounting multiple expeditions simultaneously to Indonesia, Malaya, 
Siam, Indo-China, Borneo, Hong Kong and other Chinese ports. 


The army, thereafter, adapted itself to its new functions comprising 
the repatriation of the Allied POW and internees, the maintenance of 
internal security in the occupied territories and the collection and 
repatriation of the surrendered Japanese personnel. In most of the 
territories, these tasks were successfully completed by the end of the year 
and, thenceforth, the army was progressively reduced to a routine 
garrison force. 


PROBLEMS OF MALARIA CONTROL BEFORE JAPANESE SURRENDER 


The problems of malaria control before and after the Japanese 
surrender varied so markedly both in character and scope that, for 
convenience of description, the two phases have been treated separately. 
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In the pre-surrender phase, the nature of the malaria problems was 
conditioned by the effects of the offensive resulting in the occupation of 
Burma. Thus, on the Assam front, this operation reacted favourably 
, on the forward troops inasmuch as fighting in the highly malarious foot- 
hills around the river Chindwin occurred before the malaria season 
started there, while subsequent engagements took place in the relatively 
non-malarious dry central plain of Burma. The final drive from 
Mandalay to Rangoon likewise entailed little or no malaria risk, as the 
amount of malaria normally prevalent in the Sittang and the Irrawaddy 
valleys was negligible. 


After the capture of Rangoon, however, these favourable circum- 
stances no longer prevailed as the forward troops were then exposed to 
extreme infections in the intensely malarious Shan Hills where operations 
coincided with maximum malaria transmission. 


The effect of the advance on the L of C in Assam, on the other 
hand, was mostly adverse from the very beginning, for control measures 
had to be enforced along a highly malarious supply route which lengthen- 
ed progressively. Nor did the opening of Rangoon port ameliorate these 
conditions, as the inland road and rail communications had been so 
completely disrupted by operational bombing that troops located in the 
northern parts of Burma had to be supplied overland from Assam through- 
out the year. 


Nevertheless, there were two redeeming features in the situation 
on the L of G which lightened the task of the anti-malaria organisation. 
In the first place, the malaria season in the Kabaw Valley and the rest 
of the L of C began after mid-March, allowing the organisation sufficient 
time to develop an adequate malaria control scheme. Secondly, owing 
to the progressive diminution in the volume of traffic from April onwards, 
the military installations on the overland communications needing control 
measures were substantially reduced in number. 


The forward troops in Arakan were not as fortunate as those in 
Assam, as the operational action on this sector took place over areas 
which were uniformly malarious. In some localities, such as the Ramree 
Island, there was evidence of active transmission even in January, but 
on the mainiand the malaria season began two months later. The 
troops were then exposed to extreme infections in the highly malarious 
foot-hills along the coastal tract. 


In contrast, the Arakan L of G was favourably affected by the 
advance, as, with the capture of Akyab and Ramree, a supply route 
by sea replaced the malarious overland routes before the onset of the 
malaria season. As a consequence, many malaria-controlled ‘harbours’ 
were abandoned and anti-malaria measures were thereafter restricted 
to the main concentration centres at Chittagong, Cox’s Bazar, Akyab 
and Ramree. Later when the Japanese were finally dislodged from. the 
Arakan coast, the holding force in this sector was still further reduced 
resulting in a corresponding decrease of the malaria control commitments. 

To summarise, the effect of the offensive operations in 1945 was 
that on the Assam-Burma front, the forward troops were exposed to little 
or no malaria risk, but the problems of control multiplied on the L of C, 
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whereas in Arakan the situation was just the reverse in that the forward 
troops had to face severe malaria infections, while on the L of G malaria 
control measures were needed on a rapidly decreasing scale, 


_ Policy and Methods of Malaria Control: During the phase under 
review, the overall policy of malaria control was along the lines laid down 
towards the end of 1944, the main emphasis of preventive effort being on 
the proper use of personal protection measures, suppressive mepacrine 
and DDT spraying. Anti-larval measures were relegated to a secondary 
status and were continued only in localities where extensive drainage works 
existed. In the application of the control measures, however, many 
practical improvements were effected which are particularly worthy of 
note because they helped considerably in solving the difficult control 
problems that arose in the post-surrender phase, 


Suppressive Mepacrine: By the end of February 1945, the stocks 
of mepacrine had increased sufficiently to allow of the extension of suppres- 
sive treatment to all troops operating east of the line Gauhati (inclusive), 
Shillong (exclusive) and Chittagong (inclusive), As a result of this 
decision, almost the entire stretch of the L of C in Assam and Arakan was 
brought within the suppressive zone which greatly simplified the proced- 


ural routine of suppressive treatment amongst troops moving to and from 
the forward areas. 


The intensive drive to improve the standard of mepacrine discipline 
in units through the personal interest of the formation commanders and 
the surprise visits of the urine testing teams was continued throughout the 
year, which led to a rapid and progressive fall in malaria rates in the 
command, even after the onset of active malaria transmission. In some 
units, however, sharp malarial outbreaks occurred which, on investigation, 
were invariably traced to carelessness in supervision over mepacrine 
administration. 


An important and common feature of these outbreaks was that the 
high malaria rates in the affected units continued for two to three weeks 
after they were placed on an increased dose of three tablets of mepacrine 
daily for five days. Since these units were nearly always in the front line, 
it was impossible to carry out adequate serial urine examinations to 
determine whether the persistence of high rates was due to insufficiency 
of mepacrine dose or to negligence in taking the drug. 


On the basis of experience gained in this campaign, it is felt that, 
in a large mixed force, a uniformly perfect supervision over suppressive 
treatment is unlikely in all the units. The occurrence of isolated malaria 
outbreaks in future campaigns conducted in malarious regions cannot, 
therefore, be ruled out and should be provided against by evolving in 
peace-time a regime of treatment which would effectively and speedily 
terminate such outbreaks and would thereby avert an unnecessary 
loss of considerable manpower. In the formulation of such a regime, 
account will have to be taken of the fact that, even at the start of an out- 
break, a high proportion of the seemingly healthy individuals in the affect- 
ed units will have parasitaemia bordering on the pyrogenic threshold, 
the suppression of which may have to be conceived not in terms of chemo- 
prophylaxis but of chemotherapeutics. The course laid down in this 
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campaign was based on these considerations, but in the existing circum- 
stances it was necessarily evolved on empirical lines without the aid 
of a controlled experimental check. | 


DDT Ground Spraying: In the first half of 1945, DDT ground 
spraying was in general use throughout the command, but a special 
study of barrier spraying was undertaken in the Kabaw Valley and 
around a section of the river Chindwin, while its feasibility under mobile 
operational conditions was investigated in the 5th Indian Division. These 
latter experiences are described below in detail, 


Use of DDT in Kabaw Valley: During the phase under review, 
activities in the Kabaw Valley were centred chiefly on the construction 
of an all-weather road which had to be completed before the onset of 
the main rainy season. For this purpose, a large contingent of labour and 
L of C troops was first spread out along the valley for initial levelling and 
earthwork. As the road approached the final stages of construction, 
the routine followed was to concentrate most of this labour force on 
one section and then shift it to the next, leaving road maintenance gangs 
every six or seven miles for minor repairs. 


From the malaria control point of view, the fact that the labour 
camps did not remain in any one section of the road for more than 
two to three weeks on an average was the decisive feature of the project, 
for, under such conditions, it was impossible to install anti-larval mea- 
sures. Nor was it safe to depend on residual spraying because of the 
insuperable difficulties in the effective treatment of neighbouring villages. 
Reliance had, therefore, to be placed solely on barrier spraying, and to 
ensure its timely application. The commanding officer of anti-malaria 
unit concerned was attached to the Deputy Chief of the Royal Engineers 
in charge of the project so that he could obtain advance information 
about the opening and closing of camps and arrange his spraying pro- 
gramme accordingly. 


_ The above arrangements were a complete success and the results 
obtained with the barrier spraying exceeded all expectations. For 
although this method had been found effective in rendering camps around 
Imphal free from insects in 1944, a significant difference was that in the 
Kabaw Valley these sprayings produced the same effects without any 
anti-larval measures and, secondly, that their effectiveness was demonstra- 
ted in a notoriously malarious area at the height of the malaria season 
and in the presence of frequent and heavy pre-monsoon showers. This 
experience, therefore, proved extremely valuable, as it showed 
that DDT barrier spraying alone could thereafter be safely relied upon 
to give adequate protection from malaria which greatly facilitated control 
in the post-surrender phase when anti-larval measures were out of the 
question with the available resources. 


To appreciate the intensity of malaria in the valley and the measure 
of success achieved in controlling the pre-monsoon wave of malaria in 
1945, figures for malaria and undiagnosed fever per 1,000 men per 


+A = the corresponding months in 1943 and 1945 are presented in 
a » 
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Incidence (rate per 1 5000 men per day) of malaria and undiagnosed fever in the. 
Kabaw Valley during the months of March to June of 1943 and 1945. 
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In 1944, this valley was occupied by the Japanese. Data for 1943 
was compiled from the weekly situation reports of the 23rd Indian 
Division which operated in the upper half of the Kabaw Valley that year. 
Through a misunderstanding, this division did not begin suppressive 
mepacrine treatment till the first week of May 1943. Consequently, 
the reduction in malaria rates in 1945 must be attributed to the beneficial 


effects of chemoprophylaxis as well as of DDT spraying rather than to 
those of the latter alone. 


Trial of DDT in the 5th Indian Division: Despite the success of 
_ barrier spraying in the Kabaw Valley, it was still necessary to determine 

whether this method could be employed by units under active operational 
conditons. With this end in view, it was put to test in the 5th Indian 
Division during its advance from Meiktila to Pegu when the stocks 
of MISH in all divisional units were brought up to scale, and 
men from the different sub-units especially trained 1n the correct 
method of spraying. The trial showed that not only was the method 
feasible in a mobile action but also it was exceedingly popular as no 
less than 40 per cent. of the DDT solution issued to the division was 
sprayed by the battalion personnel. Indeed, the impression gained dur- 
ing the test was that, given adequate transport for carrying sprayers 
and DDT solution, there was an unlimited scope for applying barrier 
spraying under such conditions. 


Use of DDT in the Riverain Section of the Lof C: The routine evolved 
for the protection of personnel manning the rivercraft, used for carrying 
stores, is briefly recorded not because 1t denoted a change in the basic 
principle of barrier spraying, but because it illustrates the manner in 
which the method had to be adapted to the somewhat unusual conditions. 


The chief source of danger, in the riverain part of the L of G, was 
the section between Kalewa and Monywa, where villages on the river 
bank had spleen rates ranging between 24 and 80 per cent. Detachments 
of an anti-malaria unit were accordingly stationed at three main military 
centres in this section. Each detachment was made responsible for a 
specified sector and was allotted a single screw tugboat to spray once 
a fortnight the villages and the Inland Water Transport camps on both 
banks of the river. As an additional precaution, the freight-carrying 
boats were repeatedly sprayed with DDT and were forbidden to tie up 
for the night in the vicinity of a village except in an extreme emergency. 
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Air Spraying of DDT: Early in 1945, trials were made on the 
effectiveness of titanium tetrachloride smoke containing 5 per cent. DDT 
delivered from a Hurribomber which showed that although such smoke 
was lethal both to adult mosquitoes and larvae, the serious drawback 
wasthat it was liable to driftand miss the target. Vertical spray of DDT 
solution in kerosene, therefore, continued to be the method of choice for 
air spraying during the year. To meet the excessive demands anticipated 
in 1945, however, large types of aircraft, Liberator VI, were converted 
for air spraying and were stationed at Digri airfield near Calcutta. The 
prototype, which became available early in March, was fitted with two 
bomb-bay tanks, each with a capacity of 330 gallons, but the remaining 
two machines, that Joined the flight later, had four such tanks. Actual 
spraying was effected through two emission tubes coming off a central 
collector tank holding 68 gallons of solution, to which all the bomb-bay 
tanks were connected. 


With one emission tube working, the discharge rate from the collec- 
tor tank was 2°83 gallons per second while its filling rate was one gallon 
per second. Taking the filling and discharge rates into account, the 
maximum spraying period for each run was about 30 seconds covering 
approximately 2,400 yards at the aircraft speed of 170 miles per hour. 
The effective swathe being 200 yards, one run thus covered approxi- 
mately 99 acres. The total area per sortie was about 2% square miles 
at a dosage of about three quarters of 5 per cent. DDT solution per acre. 


The main advantage of these aircraft was that it was possible 
to organise and execute large scale spraying operations more rapidly 
than with the Hurribombers. Thus, the spraying of the major section 
of Rangoon was completed on the third day of its occupation and, by the 
end of June 1945, the Liberator flight had carried out spraying over no 
less than 68 square miles in the operational areas. 


Organisation of Air Spraying with Liberators: The formation comman- 
ders submitted their demands for air spraying in square miles one 
month in advance, giving a rough indication of the area selected, the 
order of priority and the reasons for such demands. For instance, in 
Mandalay air spraying was requested to deal with fly nuisance; in Ran- 
goon it was directed against flies as well as dengue carrier mosquitoes; 
while in Akyab and Ramree it supplemented inadequate anti-malaria 
ground spraying. 

These demands were scrutinised at the GHQ and those approved 
were listed and communicated to the Air Command who arranged a 
suitable flying schedule with the commanding officer, DDT flight. The 
requirements of DDT solutions were met by an anti-malaria unit posted 
in Digri, the commanding officer of which also acted as a medical liaison 
officer settling the daily targets. For the latter purpose, map references 
alone sufficed, as spraying operations with the Liberators could be 
carried out without the help of elaborate ground arrangements evolved 
for Hurribombers, as described in Chapter X. 


In the final allocation, each formation was allotted a given number 
of square miles of air spraying within which limit it could modify the 
previous order of priority. Asa further precaution, an adequate number 


ANTI-MALARIA CAMPAIGN IN 1945 311 


of square miles was kept in reserve so as to 


; ! provide timely air sprayin 
over new areas occupied on short notice. ES 


__itmay also be mentioned that the above procedure proved equally 
satisfactory for alr spraying in combined operations where it was difficult 
to specify definite targets. When, however, these needs were expressed 
in terms of square miles, the Air Command could work out the required 
number of sorties, the ground forces could settle ultimate priorities within 
the limits of their allocations, while the anti-malaria organisation could 
calculate the necessary amount of DDT solution.' 


Limitations of Air Spraying with Liberators: ` In the course of the year, 
certain limitations were observed in the working of the Liberator flight. 
In the first place, each mission of this flight entailed the crossing of the 
Bay of Bengal, where bad flying conditions frequently prevailed. Second, 
even after the bad weather over the Bay had been negotiated, the distances 
were too great to be sure of the exact state of weather conditions over 
the target on arrival. Thus, despite the usual precaution to specify 
alternate targets, no less than eight out of twenty-eight missions of the 
flight proved abortive in May and June 1945. 


The remedy, of course, lay in shifting the flight to within an easy 
range of all the spraying areas so that the time of arrival at a target 
could be adjusted to coincide with favourable weather forecasts. With 
Liberators, however, such a move was not immediately feasible, as these 
aircraft required elaborate landing and maintenance facilities which 
were not available in Burma till the second half of August. 


Evaluation of Air Spraying: In the evaluation of air spraying, the 
difficulty was that these operations were usually undertaken over areas 
where the anti-malaria organisation could not provide competent observers 
for making an accurate entomological assessment. Nor could the varia- 
tion in malaria rates be used for appraisal, as it was impossible to assess the 
influence of the varying standards of suppressive mepacrine discipline 
in different units. Recourse was, therefore, had to the method of assessing 
the value of air spraying by tracing its effects on the incidence of dengue. 
For this purpose, the most suitable formation was the 26th Indian Division, 
as it had landed near Rangoon on 4 May and had remained in the city 
for two days before and for one week after air spraying. On enquiry, 
it was found that this division had suffered an initial outcrop of dengue 
cases, which caused a sharp rise in the fever rates in the second week 
after its entry into Rangoon (vide Table If) but that the disease had 
thereafter stopped abruptly, coincidental with the after-effects of air 
spraying. Nor did dengue or an undue rise in fever rates occur 1n units 
that entered the city later, even though the seasonal prevalence of this 
disease lasts till July. Itis realised that the latter units were also protected 
by ground spraying of DDT, but until such measures were fully established, 
air spraying must have given a considerable amount of protection. 


Anti-larval Measures: In the first quarter of 1945, anti-larval 
measures were continued in most of the malaria-controlled * harbours 
along the Assam L of C, as, despite the forward move of the army units, 


1 For further details see,“ Malaria Control in Combined Operations ” page 315, 
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such ‘ harbours’ were still fully occupied by a large number of civilian 
and enrolled labour. Later, however, the garrison strength of these 
bases decreased, and it was then possible to reduce the area under larva] 
control by vacating the peripheral camps. 


TABLE II 


Incidence (rate per 1,000 men per day) of malaria and undiagnosed fever— 
26th Indian Division—21 April 1945 to 9 June 1945. 





A a NS RRR ee A Rr HT sto he 








Week ending Rate per 1,000 men Remarks 
per day | r 

21 April 1945 - 0-16 
28 April 1945 “is 0:18 

5 May 1945 0:12 Entry into Rangoon. 
12 May 1945 g 0:18 
19 May 1945 sa 0:33 Dengue outbreak. 
26 May 1945 i ai 0:14 

2 June 1945 vi 0:08 

9 June 1945 T 0:12 
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In Arakan, a similar policy was followed, anti-larval measures being 
restricted to the progressively contracting perimeters of the military 
areas in Chittagong and Cox’s Bazar. 


In the new stretch of the L of C created by the forward move of 
troops, no anti-larval measures were undertaken either on the Assam or 
Arakan front, the only anti-mosquito measures employed being DDT 
barrier spraying. The only exception to this rule was Tamu, where hand 
operated sluices were used to control breeding in the streams and where 
drains originally constructed in 1944 were, as far as possible, recondi- 
tioned. The sluicing mechanism was designed by Major Pettman, 
Commanding Officer, Royal Engineer’s Section (Anti-Malaria), who 
made an intensive and excellent study of the engineering aspects of this 
method of larval control. Even in Tamu, however, anti-larval measures 
were by no means comprehensive, as in many areas, containing uncleared 
minefields, mosquito breeding places could not be oiled or draincd. 


Repellent Fish-nets: As mentioned in Chapter X, a limited supply 
of repellent fish-nets became available early in March 1945 when approxi- 
mately 4,000 sets were issued to different units in the Fourteenth Army 
for trial during the offensive from Meiktila to Rangoon, 


Reports received from the units, formation headquarters and the 
Operational Research Group, were generally agreed that these nets 
afforded satisfactory protection from mosquito bites even though the 
repellent lotion was re-applied every fourth day instead of daily as it 
should have been. They were declared to be more comfortable, gave 
a greater sense of security, and a better sense of readiness to use weapons 
than the mosquito-nets, and were particularly favourably commented 
upon by the armoured columns, signallers and troops travelling light. 


The only valid objection raised against them was that the troops 
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had to use the same clothes for days, on occasions when, for lack of trans- 
port, spare clothes were not carried. A recommendation was accordingly 
made that long-sleeve jerseys and leggings made from the netting be 


issued as additional items, so that the troops could sleep in such garments 
when necessary. 


PROBLEMS OF MALARIA CONTROL AFTER JAPANESE SURRENDER 


As already stated in the new plan formulated after the surrender, 
the army had to mount a number of expeditions simultaneously to 
Malaya, Siam, Indo-China, Java, Borneo, Andamans and Japan. In 
the order of battle of each of these forces one or two anti-malaria 
units were included, while in the subsequent build-up, many more units 
were moved under very high priority. Large quantities of anti-malaria 
stores and spraying equipment were shipped so that, by about D-Day + 27, 
approximately 30 tons of DMP, 113 tons of DDT, 130 knapsack sprayers, 
7,000 stirrup pumps, 9,300 MISH and 33 power-driven sprayers reached 
these areas over and above the equipment issued as initial unit supply. 


The policy laid down for malaria control was that all areas, unless 
naturally free from malaria, were to be treated as intensely malarious, 
even though some of the localities were known to have been effectively 
controlled before the war. This policy was vindicated by subsequent 
events when it was found that the Japanese forces had neglected to main- 
tain the elaborate control projects in Singapore, Kuala Lumpur, Penang, 
Port Swettenham, Hong Kong and Batavia. 


The malaria problems, which these forces had to face, can be divid- 
ed into those encountered on first landing and those arising during 
occupation. Since the former problems are likely to be somewhat of 
wider application and interest, they are described in detail under 
‘Combined Operations.’ The problems that arose during occupation, 
on the other hand, varied with the local conditions, but in most of the 
localities the following were the dominant issues:— 


(1) The control of urban areas. 
(ii) The control of operational formations. 


Gii) The adjustment of anti-malaria organisation and policy of malaria 
control to changed conditions, 


Control of Urban Areas: In the control of urban areas the difficulty 
was that the military installations were mostly located in the congested 
sections ofthe town where there were no open spacés to permit the applica- 
tion of the routine barrier spray. Residual spraying was found equally 
impracticable as it involved the spraying of the neighbouring houses 
up to a depth of at least 200 yards which in most countries could only be 
carried out with the help of a strong military guard. Moreover, these 
military centres were So numerous and so scattered that even the restrict- 
ed residual spraying around each added up to an enormous task. 


It was necessary, therefore, to evolve a modified method of barrier 
spraying which, on trial, proved a complete success. In this method, the 
floor, the ceiling and the inside and outside surfaces of walls of the military 
centres were first sprayed. Next, the street surfaces of the two blocks 
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of buildings adjoining the centre were subjected to spraying, employing, 
where necessary, power-driven sprayers capable{ of throwing jets of spray 
for treating high walls. Bombed buildings in the neighbourhood received 
special attention, the plinth area and both surfaces of the standing walls, 
if any, being thoroughly sprayed. Finally, the barrier was completed 
by spraying the traffic islands, the parking places, the pedestrian side- 
walks and shrubbery along the road up to a depth of 50 yards. Road 
surfaces in constant use by the vehicular traffic were, however, excluded 
from spraying operations. 


Spraying was carried out at the usual rate of one gallon of 5 per cent. 
solution of DDT per acre. With this treatment the anophelines 
remained absent for long periods, but the more resistant culicines were 
liable to reappear early. The latter were, therefore, used as an index 
for timing the next round of spraying, the standard evolved after trials 
being a total catch of five culicine mosquitoes per night. This might, at 
first sight, seem an unnecessarily stringent standard but the fact was - 
that the troops, having lived in an atmosphere free from insects, were, in 
any case, prone to undertake spraying immediately on sighting a single 
mosquito. The adoption of the above standard, therefore, entailed 
spraying at longer intervals than those actually observed by most of the 
units. 


Control of Operational Formations: Since the operational formations 
lived under conditions similar to those encountered throughout the 
campaign, the application of the routine barrier spraying in their case 
presented no difficulty. The unit spraying squads working under the 
supervision of the anti-malaria unit personnel were employed on this 
task, and in the effort to concentrate attention on a single method of 
control, no anti-larval measures were permitted. This was necessary, 
as experience showed that the numbers and categories of men available 
for anti-malaria work being insufficient wherever DDT spraying and anti- 
larval measures were combined contrary to instructions, the resultant 
mosquito control was invariably less complete than that achieved with 
DDT alone. 


Air Spraying: Both in urban and operational areas, air spraying 
was employed on a fairly extensive scale. For localities in Burma, Siam 
and Indo-China, the DDT Liberator flight based on Pegu (Burma) 
was utilised, whereas for air spraying in Malaya and Java, Dakotas 
stationed at Singapore and Batavia were employed. In some localities, 
such as Batavia, air spraying was carried out soon after occupation, but 
in most other areas, such applications supplemented ground spraying. 


Anti-Malaria Organisation: Towards the end of the year when the 
army had completed most of its operational tasks and was gradually 
settling down to the static role of a garrison force, it was considered 
necessary to plan the readjustment of the existing anti-malaria 
organisation to changed conditions. The following scheme was accord- 
ingly proposed ;— 


(i) In permanent garrison stations, an organisation on the lines of the 
Indian cantonment scheme was to be developed. In countries, 
such as Malaya, where trained personnel were available, the 
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change-over from control through anti-malaria units could be 
readily effected, but in others the necessary staff would have to 
be recruited and trained. 

(ii) Reduction in the number of anti-malaria units was to correspond 
to the development of the control schemes in permanent garrison 
stations on the one hand, and to the decrease in the army 
strength on the other. It was, however, advised that a sufficient 
number of units be retained to meet the requirements of the 
operational mobile columns. ‘The same considerations were to 
apply to retrenchment in the anti-malaria staff appointments, 
keeping in view the special need for the supervision of malaria 
control in outlying garrison stations such as Borneo, Hong Kong 
and other Chinese ports. 

(111) Anti-larval measures in large towns were to be developed by the 
civilian authorities, the military participation in the scheme 
being restricted to the control of breeding places in and around 
the army camps. 'Once anti-larval control had attained an 
adequate standard of efficiency, DDT barrier spraying was to 
be replaced by residual spraying. 

(iv) In static troops, the prevention of malaria by anti-mosquito measures 
was to replace the suppression of clinical attacks by mepacrine. 
The cessation of this treatment, however, was to be staggered 
in different units so as to avoid the simultaneous occurrence of 
a large number of malaria cases. 


MALARIA CONTROL IN COMBINED OPERATIONS 


The combined operations described below relate to the landing of 
XXXIV Indian Corps on the coast of Malaya at Penang, Morib and Port 
Dickson. Plans for this action had been developed after numerous 
tactical exercises prior to the Japanese surrender, but actual landing was 
undertaken after the surrender. None the less, as a precaution against 
possible Japanese resistance, the operation was mounted in accordance 
with the original plan except that the covering fire was to be used only 
if Japanese opposition was encountered. Since the latter contingency 
did not arise, the operations provided an exceptional opportunity for a 
detailed study of the anti-malaria plan. 


The sequence of operational events from 9 September (D-Day) 
onwards was as follows: Landing began at Morib where HQ 25th 
Indian Division, divisional troops and 74th Indian Infantry Brigade 
disembarked on D-Day and D-Day+1. The remaining two brigades 
(51st and 53rd Indian Infantry Brigades) of this division landed there on 
D-Day +2 and moved inland by D-Day +4, but the 74th Indian Infantry 
Brigade remained in the beach-head area up to D-Day +13. 


In the meantime, HQ. XXXIV Indian Corps disembarked at 
Penang on D-Day+1 and completed the landing on D-Day +3, while 
the second division (23rd Indian Division) of the corps landed at Port 
Dickson on D-Day +3 and moved off to Seramban, Malacca and Tampin 
areas by D-Day +4. 


Anti-Malaria Plan: As already mentioned, the anti-malaria scheme, 
as a part of the overall plan, had been evolved over many months, but 


316 ! PREVENTIVE MEDICINE 


it assumed its final shape only in July 1945. Measures of malaria 
control which could be utilised in this operation and for which full 
provision was made were suppressive mepacrine, personal protection 
measures and DDT spraying. Suppressive mepacrine was to be started 
two weeks before landing, at a dose of two tablets daily in the first week 
and one tablet daily thereafter. For training in personal protection 
measures, anti-malaria drill had been practised by all troops in camps 
and during field exercises. 


As regards DDT, the possibility of air spraying was first explored. 
Since all the air strips within the flight range of the proposed beach-heads 
were in the Japanese hands, the use of land based fighters was out of the 
question while those on aircraft carriers, being fully earmarked for opera- 
tional tasks, were also not available for DDT spraying. Nor were the 
Liberators considered suitable for the purpose as they were extremely 
vulnerable to hostile fire. In these circumstances, air spraying was 
deemed impracticable till a landing ground had been captured. 


Bearing in mind the capacity of the air strips existing in Malaya, 
the Air Gommand considered that Dakotas would be the most suitable 
aircraft and arrangements were accordingly made to convert three of 
these machines for air spraying. It was estimated that in the initial 
phases air spraying would be needed on 30 square miles, for which the 
anti-malaria organisation was to provide 15,000 gallons of 5 per cent. 
DDT solution. Exact targets were left undefined, but it was envisaged 
that spraying would be needed, inter alia, over Klang, Port Swettenham, 
Port Dickson, Seramban and Kuala Lumpur. 


In the absence of air spraying, it was necessary to plan the ground 
spraying of DDT so that it could be started immediately after landing. 
This provision was essential as on the intensely malarious coast of Malaya, 
any delay in spraying would have been disastrous to units with lax 
mepacrine discipline. Moreover, immediate mosquito control was 
necessary to prevent dengue infection, as no chemoprophylactic agent 
could be employed against this disease. 


In considering the problem of organising ground spraying, it was 
felt that the most promising approach would be to utilise unit spraying 
squads to the fullest possible extent, particularly as trials in the 5th Indian 
Division had demonstrated their usefulness under similar conditions. 
Accordingly, HO XXXIV Indian Corps, which had then taken over 
the organisation of DDT spraying, issued a directive on 6 August 1945 
to all commanders stressing the utmost need for giving an intensive 
training to unit squads. All units were provided with MISH at the 
scale of 5 per cent. of strength and with suitable cans to carry DDT 
solution in haversacks. 


The anti-malaria units were to concentrate mainly on spraying 
the beach-head installations and the concentration area behind the advan- 
cing troops but, if circumstances permitted, they were required to assist 
the forward units in the organisation of spraying. For this purpose, 
one anti-malaria unit was to land at Morib on D-Day and a second unit 
on D-Day+1. At Port Dickson and Penang, one anti-malaria unit was 
similarly to accompany the 23rd Indian Division and HQ XXXIV 
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Indian Corps respectively on the first day of landing. Three units were 
to follow on D-Day +23 and two units on unspecified dates later. 


It was recognised that a decisive phase in the plan would be to 
make an adequate provision for supplies of DDT which, in consequence, 
received an XX priority in early convoy lifts. DDT was to be carried 
as pre-mixed solution in the initial phase while the bulk powder and 
solvents were to follow in later convoys, the total requirements of ground 

_ spraying being estimated at 200 lbs. of DDT per 1,000 men per month. 
Combat troops were to carry their own pre-mixed solution by loading 
into each unit vehicle a two-gallon tin of DDT solution and two to three 
MISH. For replenishment, they were to indent on the beach medical 
unit until the anti-malaria units could take over this function. The 
former was accordingly allotted 200 gallons of pre-mixed solution and 
200 lbs. of DDT powder. Allranks of anti-malaria units were to carry 
on their person at the time of landing a two-gallon tin of DDT solution 
and two to three MISH guns apart from the quota carried in the unit 
vehicles. 

In this manner, the total supplies of DDT in phase D-Day to D-Day 
+3, shown in Table III, were partly carried by the different units and 
partly arranged as bulk supply. In this table are also included particulars 
of lifts in convoys up to D-Day +44 after which monthly maintenance 
supplies were estimated at five tons for barrier spraying and five tons for 
air spraying and general sanitation purposes. 


TABLE HI 
Schedule of DDT and solvents for XXXIV Indian Corps. 


np A E 





Premixed | DDT pee Kerosene 





. Malariol 
Period DDT solution 

( G all ons) (Lbs.) (Gallons) | (Gallons) 
D-Day .. .. | 2,000 3,000 | | 1,600 
D-Day+3 | 8900 | 1,500 10,500 | 4,000 
D-Day +8 = 2,000 | 4,000 į 41,000 | 8,000 
Total upto D-Day-+8| 12,900 | 8,500 | 51,500 | 13,600 
D-Day+23 a | 4000 | 28,000 | 8,000 
D-Day-+31 | 4000 | 34,000 8,000 
D-Day-+44 | | 34,000 4,000 





Execution of the Anti-Malaria Plan: Instructions regarding the use 
of suppressive mepacrine prior to landing were duly implemented while, 
after landing, measures of personal protection were rigidly observed. 
All units carried out DDT spraying efficiently and immediately after 
landing as planned, and there were no complaints of shortage of DDF 
or of sprayers. 


One of the anti-malaria units landed at Morib, complete with all 
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its stores and equipment, but the second unit failed to implement the 
standing instructions concerning the transportation of stores with the result 
that it remained ineffective till D-Day+8. Although the spraying 
requirements of this sector were successfully met by the first unit, 
this experience emphasised the inevitable lack of reserve stores in the ini- 
tial stages of combined operations and the paramount need for each unit 
to be self-sufficient on landing. 


At Port Dickson, the landing occurred without a mishap, and the 
DADM (Major A. P, Ray) found that ali unit camps from front to rear 
had been effectively sprayed before D-Day +8 when he visited that sector, 


Supplies arrived on schedule up to D-Day+3 but were delayed 
thereafter, stores included in D-Day-+8 convoy arriving on D-Day + 
14 and D-Day +27. None the less, there was no actual shortage of DDT, 
as, owing to the postponement of air spraying, 2,000 lbs. earmarked for it 
were diverted to ground spraying. 


Sufficient kerosene and malariol arrived by D-Day--3 and the anti- 
malaria units began mixing the same day, using heated DDT to obtain 
rapid solution. Stocks of DDT solution were then stored at Morib 
and Port Swettenham from which the forward units received their supplies 
through field ambulances from D-Day +4 onwards. The source of supply 
prior to that date was the beach medical unit as planned. 


Results: While the achievements of XXXIV Indian Corps in this 
operation were impressive, it is difficult to say how far the unit spraying 
programme would have been implemented had the Japanese been able 
to resist. Even if the favourable circumstances of unopposed landing be 
discounted, due credit must be given to the fact that the scale of and plans 
for the handling of stores and equipment from D-Day to D-Day +8 and 
the tasks assigned to the anti-malaria units had been conceived on 
realistic lines. 


Had full facilities been available air spray could have been 
carried out from D-Day+1. The Dakota earmarked for this campaign 
‘Operation Zipper’ was received .on D-Day+11, and air spray was 
commenced from D-Day+-12. Although, in view of this delay, spray- 
ing could not be carried out as originally planned, it had been possible 
a arrange spraying operations in Kuala Lumpur, Taiping and 

ang. l 


The lack of timely air spraying was a definite handicap and 
although it was compensated for by adequate ground spraying in 
Malaya, it would be unwise to expect that conditions would be equally 
favourable in landing operations elsewhere. Provision for air spraying in 
all combined operations conducted in a malarious country must, therefore, 
be regarded as an inescapable necessity, particularly if other mosquito- 
borne diseases, such as dengue, co-exist in the region of operations. 
Even if vertical spraying be impracticable, efforts should be made to 
incorporate DDT in titanium tetrachloride or other forms of smoke 
screens planned for tactical purposes. Recommendations to this effect 
were made, but it is not known whether they were actually carried out in 
the Malayan operation or not. 
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_ __ Asregards the evaluation of the anti-malaria plan in terms of malaria 
incidence, the figures for the 23rd Indian Division are of limited 
value as this formation was moved to Java on 1 October. During the 
weeks ending 15 and 22 September, however, the malaria and undiag- 
nosed fever rates per 1,000 men per day in this division were 0:17 and 
0:22 respectively. 


__ Detailed figures can be cited in respect of the 25th Indian Division 
which are presented in Table IV. 


TABLE IV 


Incidence (rate per 1,000 men per day) of malaria and undtagnosed fever—25th 
Indian Division—15 September 1945 to 20 October 1945. 





Divisional | 51st Indian | 53rd Indian | 74th Indian 


Week ending troops Infantry Infantry infantry 
Brigade Brigade Brigade 

15 September 1945 0-13 0:11 1:57* 0:24 
22 September 1945 0-12 0:37 0:10 0°09 
29 September 1945 0-11 | 0-28 0-15 0:24 
6 October 1945 0:09 Separate figures for individual brigades 
13 October 1945 0°20 for October are not available. 
20 October 1945 0:15 





* 82 per cent, of these cases were later diagnosed as “upper respiratory tract 
infection.” 


Since the rates in this division compare favourably with the average 
for the whole command (vide Chapter XII) during the same period, it 
is reasonable to conclude that the control measures employed at the time 
df landing had succeeded in preventing excessive incidence of malaria and 
dengue. 


MALARIA AS A WEAPON OF WAR 


Before closing this section, which brings to an end the narrative 
of the anti-malaria campaign in the SEAC, it would perhaps be appropri- 
ate to discuss the question of malaria as a weapon of war in the light of 
actual events. 


At the outset, however, itshould be clearly understood that the scope 
of this discussion has been restricted to, first, how far malaria influenced 
the conduct of war and, second, whether malaria was used as a weapon of 
war, and that the debatable and speculative topic of how malaria could 
be used as a weapon of war has been purposely omitted. 


The events which pointedly demonstrated the influence of malaria 
on the conduct of war occurred mostly in 1942-43, even though the 
operational activities in those years were restricted to patrolling and 
actions with limited objectives, such as the Mayu Range expedition in 
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Arakan. Itwas then all too common an experience that the formations 
literally melted away with malarial casualties, particularly if engagements 
took place in the middle of the malaria season. Thus, the figures for 
malaria in the 23rd Indian Division quoted in Table I are, by no means, 
an extreme example of the enormous losses through malaria in patrolling 
activities. In the Mayu Range expedition, conditions were even worse. 
The 6th British Infantry Brigade, which took part in this expedition, had, 
over a period of eight weeks from 9 March to 7 May 1943, 2,228 cases of 
sickness against 495 battle casualties out of a total strength of 3,500. In 
other words, 81'8 per cent. of all admissions to hospitals were caused by 
sickness. A further break-down of these sickness figures showed that out 
of 2,228 admissions, 1,886 were for clinical malaria, 1.e. 84°6 per cent. 
of the total sick, while dysentery, the other great military scourge, 
accounted for only 120 cases or 5:4 per cent. 


During the period of eight weeks, therefore, this brigade group 
suffered a loss of 53°9 per cent. of its strength from clinical malaria, 
despite the fact that it had been on suppressive mepacrine. To appreciate 
the influence of these rates on the fighting efficiency of the brigade, 
it should be mentioned that, at the height of the malaria prevalence, 
this disease was carrying off approximately one battalion strength each 
week and that it incapacitated 34 times as many men as were wounded 
in action, even though the brigade was engaged in two major and a large 
number of minor actions against the Japanese. 


There is no record of how the Japanese troops fared during the same 
period, but it is almost certain that they must have suffered equally 
severe losses through malaria. Subsequently, in so far as the SEAC 
was concerned, the conditions changed progressively for two reasons. In 
the first place, comprehensive malaria control measures were organised 
on the L of C which brought about a marked reduction in malaria cases 
both among the stationary troops and those in transit. Secondly, through 
intensive research, malaria in the forward troops was reduced to relatively 
negligible proportions with suppressive mepacrine and DDT. As 4 
result of these developments, the SEAC gained complete freedom of 
operational action even at the height of the malaria season, so that the 
overall malaria rates did not exceed 3 to 4 per cent. of strength per year 
from the end of 1944.? 


In contrast, the Japanese neglected to make a parallel effort 
and failed to develop either a comprehensive anti-malaria organisation 
or a uniform malaria control policy. Indeed, from the available do- 
cumentary records it is clear that even to the end of the war the problem 
of malaria had received scant attention. As a consequence, the gap 
between the standards of malaria control on the two sides widened 
progressively with time so that by 1944, the Japanese forces were still 
incapable of enduring prolonged operational ventures in the malarious 
terrain during the malarial months. Thus, the fate of the battle around 
Imphal in 1944 was effectively sealed when, after the onset of malaria 
season, the Japanese supply line broke down completely through sickness. 
No one, who has witnessed the heaped up bodies of the sick and dying 


2 See Chapter XII. 
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Japanese soldiers in Tamu and Kabaw Valley in A t 1944 h 
much doubt on that score. PARAS , can have 


Similarly, in the offensive of 1945, when the Japanese troops 
were driven into the highly malarious Pegu Yomas and Shan Hills, 
malaria must have played an important role in paralysing their efforts 
to regroup for renewed resistance against the Burma Army. This was 
testified by the Japanese medical officers and was borne out by the exami- 
nation of the POW at the time of their capture, a few examples of which 
are given below to illustrate the conditions prevailing there :—~ 


In the Shan Hiils: 


Out of 89 prisoners, 18 had fever. In 81 prisoners (91 per cent.), 
malaria parasites were found in their blood at the time of capture. 
Amongst the eight negatives, seven gave a history of recent attacks 
of malaria and only one professed to have escaped the disease. 


In Pegu Yomas: 


Out of 200 men, the daily average number of men sick with malaria 
was 10 in April; it rose to 30 men in mid-June and caused a total 
of 10 deaths. 


From May to July, 16 out of 18 men got malaria with 3 deaths despite 
| the fact that they were placed on two tablets of quinine daily. 


From May to July, 50 out of 80 men on daily suppressive mepacrine got 
malaria with 12 deaths. 


Between May and July, everyone in a group of 100 men got malaria 
with 6 deaths despite taking one tablet of quinine daily. 


Turning to the second question, namely whether malaria was used 
as a weapon of war, there is no denying the fact that malaria was reckon- 
ed to be an important factor in tactical planning. Thus, early in 1943, 
the safeguarding of troops from malarial infections had a considerable 
influence on selecting the final line of withdrawal from Mayu Range 
which, incidentally, committed the Japanese to a highly malarious 
area. Again in January 1943, the Commander, 23rd Indian Division, 
conformed his schedule of withdrawal from the Kabaw Valley into the 
non-malarious Imphal Vale to the seasonal incidence of malaria in the 
former valley, although, unfortunately this schedule was later upset 
through unavoidable circumstances with a disastrous outbreak of malaria 
indicated in Table 1. Finally, the malaria factor was given due weight 
in the planning of offensive actions along the Kabaw Valley in 1944 and 
the Sittang and the Irrawaddy Valleys in 1945. 


On the other hand, it is equally clear, from a study of other 
operational actions that 1t was not always possible to adjust the programme 
to the exigencies of malaria control. Thus, the attack on the Mayu 
Range in 1943, the offensive action in the Kabaw Valley in 1944 and the 
operations in the Shan Hills in 1945 had all to be undertaken at the height 
of the malaria season, involving extreme malaria risk for the troops. 


From the foregoing discussion, it is apparent that while in the South- 
East Asia campaign there is no evidence of malaria having been consc- 
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ously employed as a weapon of war, the outcome of many of the battles 
was profoundly influenced by the enormous drain on manpower through 
malaria. In planning, full consideration was given to malaria, but it 
influenced final decision only if it happened to coincide with the general 
tactical considerations. In other words, the contribution which the anti. 
malaria organisation made towards the success of the South-East Asia 
Campaign was not so much in influencing tactical moves as 1n providing 
a high level of anti-malaria protection which rendered such moves fea. 
sible. It would be difficult to conceive how an anti-malaria organisation 
could ever be expected to play any different role, 


CHAPTER XII 


Results of Anti-Malaria Campaign 
in 1942 to 1945 


For a proper appraisal of the anti-malaria campaign it would be 
convenient to recapitulate the salient features of the anti-malaria activities 
from 1942 to 1945 before discussing their effects on malaria rates. For, 
by minimising cross references to previous chapters, this furnishes a 
coherent summary in which it should be easy to follow the influence of 
the different methods of control on malaria rates and to assess their 
effectiveness under different circumstances. 


ANTI-MALARIA ACTIVITIES 


_ In chapters VIIT to XI, anti-malaria activities in the South-East 
Asia campaign have been described year by year but, viewed in retrospect, 
the progress in anti-malatia measures can be traced through three well 
defined consecutive phases. These were:— 


(i) The initial phase when the main emphasis was on spraying with 
pyrethrum insecticide. 


(ii) The second phase when anti-larval control played the dominant 
role. | 
(iii) The third phase when DDT spraying and the rigid application of 


suppressive mepacrine overshadowed all other methods of 
control. 


The different phases, however, coincided with the malaria seasons 
rather than with the calendar years as, for several reasons, changes in 
control methods were usually made in the non-malarious winter months. 
In the first place, the actual experience of malaria control in the preceding 
seasons could then be passed in review to determine the need and nature 
of such changes. Secondly, the anti-malaria routine was not disturbed 
in the middle of the malaria season. Thirdly, the widely scattered 
units had then sufficient time to complete the necessary preparations for 
the next malaria season. The last consideration was particularly 
important in far-flung commands, such as India and South-East Asia, 
where allowance had to be made for the inevitable time lag between the 
introduction and implementation of a change in control methods, 


Initial Phase: During the malaria season of 1942, which constitu- 
ted the initial phase, the operational conditions were such that only 
improvised anti-malaria measures were feasible and even these could be 
employed on a limited scale only. In the operational areas, therefore, 
malaria control yielded disappointing results. Although these measures 
could be credited with saving the L of C from a complete breakdown, 
the disease nevertheless accounted for a high rate of casualties throughout 
1942. 
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In the cantonments, on the other hand, anti-malaría measures 
were undertaken on a more comprehensive scale and produced immediate 
and demonstrable effects in that the sickness rate was maintained at a 
reasonably low level despite the severe regional malaria epidemic that 
prevailed in Northern India in 1942 (vide Chapter VIII). 


The most outstanding developments in this phase were, however, 
in the organisational and te chnical fields, progress in which had far reach- 
ing effects on the conduct of the anti-malaria campaign in subsequent 
phases. Thus it was in the malaria season of 1942 that the anti-malaria 
organisation attained concrete shape and that the establishment and 
functions of the anti-malaria units were finalised. The basic policy then 
developed (and adhered to in later years) was to entrust the execution 
of control measures to anti-malaria units, each of which operated in its 
own allocated sector of the L of C, while the direction, supervision and 
co-ordination of these measures were to be effected through anti-malaria 
staff officers placed at different command levels. In this manner, a 
closely integrated. system of decentralised control was evolved which was 
readily adjustable to local conditions and yet possessed a basic structural 
uniformity that greatly facilitated anti-malaria planning. The only 
minor change introduced later was that anti-malaria units were allocated 
to individual divisions for DDT spraying operations in the forward 
areas. Even this was nota fundamental change buta logical extension 
of the organisation to facilitate the application ofa new method of control. 


Technically, it was recognised in 1942 that an effective control 
plan had to provide anti-malarial protection step by step from the rear 
to the forward positions in the following order: 


(i) cantonments and training areas in India; 
(ii) road and rail communications; 

(iii) installations on the L of G; and 

. (iv) fighting troops and formations. 


In the control scheme, ultimately developed, anti-malaria measures 
were accordingly designed to meet the specific requirements of the dif- 
ferent situations listed above, each of which posed distinctive problems 
needing appropriate action but all of which had to be dealt with 
simultaneously to achieve the desired objective. With improvement 
in resources and knowledge, much progress in anti-malaria technique 
was registered in subsequent years, but the above basic control policy 
developed in the initial phase remained unchanged to the end of the war. 


Second Phase: In the malaria seasons of 1943 and 1944, which 
comprised this phase, the main difficulties arose not so much from the 
limitation of effort or resources as from the inherent shortcomings of the 
anti-malaria measures then in vogue. Indeed, in no other phase 
were the anti-malaria activities so vigorously pursued, entailing the 
installation of gigantic drainage projects, widespread larvicidal operations 
and systematic daily spraying with pyrethrum insecticide in all the main 
troop-concentration areas. Nor was the degree of success achieved 
altogether negligible considering that it was in this phase that the malaria 
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rates declined sufficiently to constitute a convincing demonstration of 
the value of malaria control measures. 


None the less, the incidence of the disease, though reduced to mana- 
geable proportions, still remained much too high, particularly amongst 
forward troops to whom protection through anti-larval measures could not 
be extended. Even on the L of C, which provided the most favourable 
conditions for the successful application of these measures, the results 


achieved were, in retrospect, not commensurate with the amount of effort 
and energy expended. 


__ Despite these shortcomings of anti-larval control an important 
collateral gain in this phase was that, with the reduction of malaria on the 
L of C, the specific problems of malaria control in forward troops became 
clearly defined, and itwas, therefore, possible to extend appropriate 
investigations in this direction. A number of crucial enquiries on 
suppressive mepacrine, DDT and repellent nets were accordingly under- 
taken, which paved the way for the success achieved in the succeeding 


phase when uniform control of malaria was effected in all parts of the 
operational zone. 


Third Phase: This phase actually began at the end of the malaria 
season of 1944, as DDT sprayings and a drive for rigid suppressive mepa- 
crine discipline were initiated in October of that year. From the practical 
point of view, however, the phase can be regarded as covering only the 
malaria season of 1945, for it was then that the potentialities of these 
measures were fully identified and received proper emphasis. 


A striking feature of the activities in this phase was that the anti- 
larval measures, which had hitherto formed the backbone of the entire 
malaria control scheme, were almost completely displaced by DDT 
sprayings and were restricted to cantonments and to those operational 
bases where extensive drainage measures existed. This swing-over 
could be effected all the more readily, because control through DDT did 
not require prolonged training of personnel and the slow building up of 
the ponderous organisation essential for anti-larval measures. 


INCIDENCE OF MALARIA 


The statistics of the formations that succeeded each other in the 
operational areas during 1942 are so inextricably mixed that it is impossible 
to present adequate collective figures for the entire force. Records 
of malaria in the Manipur Road Base during the last four months of 
1942 are, however, available and are fairly representative of the then 
existing conditions though not completely so, as control measures were 
better organised in this base than elsewhere. These figures are given 
in Table 1. 


The steep decline in malaria rates during October and November 
1942 was occasioned largely by the fact that the returns did not include 
relapse cases. Owing to multiple infections and superinfections, repeated 
attacks of malaria were, however, so common in Manipur Road in 1942 
that the distinction between fresh infections and relapse could only have 
been made on an. arbitrary basis. As a result, many of the malarial 


326 PREVENTIVE MEDICINE. 


attacks, wrongly labelled as relapses, were excluded from the returns, 
Moreover, because of the extreme congestion in hospitals and the evacua- 
tion system in 1942, a large number of ambulatory malaria cases were 
treated in the unit lines, many of which did not appear in the records. 
The figures for malaria in Table I, high as they are, do not, therefore, 
reflect the factual position which was perhaps more accurately portrayed 
by the general impression that placed the monthly malaria casualty 
rate in the base at between 40 and 50 per cent. of the garrison from June 
to December 1942. 


"TABLE 1 


Incidence (rate per 1,000 men per day) in Manipur Road Base, 
September 1942 to December 1943. ` 





Rate per 1,000 men per day 








Months 

1942 1943 
Janua a 4°0 
Pepa aa 3-0 
March sol 1-3 
April ome 0:9 
May x 11 
June y 2°4 
July T 2'8 
August wi 26 
September 14:4 2-4 
October 9-9 83 
November 6:1 4-0 

6:0 2°3 


December 





From 1943 onwards, the situation in the operational areas became 
sufficiently stable to permit a systematic compilation of malaria returns. 
These are presented in Table II, the figures for 1943 having been culled 
from the Eastern Army records while those for 1944 and 1945 are extract- 
ed from the weekly situation reports of the Fourteenth Army and the 
ALFSEA respectively. 


It should be pointed out that in Table II the collective head 
malaria includes both fresh infections and relapses, for, as already stated, 
an accurate distinction between these two categories of cases was not fea- 
sible under the malarial conditions in Assam and Arakan. In the absence 
of hard and fast rules such a classification, if permitted, would have been 
coloured by the varying personal opinions of the local physicians and data 
from the different localities would not have been comparable. For the 
same reason, microscopic diagnosis was not insisted upon as an essential 
condition, for, even if this resulted insome of the non-malarial fever cases 
being returned as malaria, this was preferable to the microscopically 
negative malaria cases appearing under a camouflaged diagnosis. 
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TABLE II 


Incidence (rate per 1,000 men per day) of malaria and undiagnosed fever in 
operational areas—1943 to 1945, 





o 


Rate per 1,000 men ti MON day 


Months A 

| | 1943 REA 1944 | 1945 1945 
o pe ae a 
January T 1-18 1-30 0-57 
February .. | 0-90 | 1-10 | 0:46 
March .. -- | 0:95 i 078 0-32 
April | 0:90 : 0:90 | 0-30 
May 1:92 | 1:30 0-34 
June Li 2:63 | 1:65 0-37 
July ' 3°26 | 1-71 | 0-31 
August .. ; 2:68 1°43 0:23 
September 1:90 , 1:18 | 0-20 
October 2:68 ' 1:42 0-19 
November 2-16 © 1-03 0-19 
December l> 0-17 


on 
Lo) 
(ap, 
~] 
Os 


A study of Table II clearly brings out the progressive improve- 
ment that occurred in the malaria situation during the three years. It 
should, however, be borne in mind that these figures pertain to a large 
population scattered over a wide area, and that they do not, therefore, 
always reflect the high malaria rates in localised épidemics. All the 
same, the collective results convincingly demonstrate the efficacy of 
anti-larval control, for, even at the height of the transmission season, 
the rates in 1943 remained between 2 and 3 per 1,000 men per day, 
whereas in the succeeding year, when these measures were more fully 
organised, not only did the malaria curve run along at a much lower 
level but the maximum rate in the year was also brought down to 1-/1 
which was practically half of the corresponding figure in 1943. 


The value of anti-larval measures is further demonstrated by their 
effect on malaria rates in the Manipur Road Base (vide Table I) where 
malaria displayed a spectacular fall in the pre-monsoon transmission 
season of 1943, and even the maximum incidence rates in October and 
November were much lower than the incomplete figures for 1942. These 
rates would havé been lower still, had it not been for the severe outbreaks 
of malaria in units that had to be located just outside the range of complete 
control, because of the continued expansion of the base during the year. 


The effect of malaria control on infections in transit troops was more 
difficult to assess. Some evidence is, however, forthcoming about 
reinforcement parties which, on their way to Imphal, traversed the entire 
Assam L of C in June 1943, when the pre-monsoon malaria transmission 
was at its height. The incidence of malaria in these parties, followed 
up for one month after their arrival in the non-malarious Imphal Vale, 
was found to be under 6 per cent. This might appear a high figure but 
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a comparable example, illustrative of conditions in 1942, was that of the 
21st Indian Auxiliary Pioneer Battalion, which arrived at Manipur 
Road in the second half of September 1942, when the post-monsoon 
transmission was at its height. On the tenth day of its arrival, i.e., prior 
to the expiry of the average incubation period of locally acquired infec. 
tions, 770 men in this unit reported sick with malaria and fever out of a 
total strength of 1,300 men. In other words, the malaria sickness 
rate in this unit reached a height of 59 per cent. in a single day. While 
some of these cases might have been locally infected, it would be conce- 
ded that a great majority of them must have contracted the disease en 
route. Indeed, it was the tragic story of this unit which emphasised the 
paramount need for instituting a methodical system of malaria control, 
covering the entire L of C and for ensuring the maximum possible protec- 
tion to troops during road and rail journeys. 


Turning to the figures for 1945 in Table IT, it will be observed that 
not only was the maximum incidence rate reduced to about one-fifth 
of the corresponding figure for 1944, but also that the malaria curve 
ran a straight course without displaying the expected rise in the malaria 
transmission period. Taking the command as a whole the anti-malaria 
activities in 1945 had thus succeeded in lowering the incidence of malaria 
to a point where it was no longer the serious problem it had been in 
previous years. None the less, even in this phase, a significant amount 
of residual sickness continued and, while a proportion of this might have 
been due to non-malarial fevers, the major portion was undoubtedly due 
to genuine malaria attacks. For actual observations showed that, despite 
all precautions, stray cases of malaria kept on occurring in most of the units, 
while in others, with defective mepacrine discipline, the disease often 
assumed epidemic proportions. 


EVALUATION OF DIFFERENT METHODS OF MALARIA CONTROL 


Because of the enormous casualty producing potentialities of malaria 

in the war, it is but natural that this disease was countered by every 

"possible means of protection. In these circumstances, opportunities for 

conducting adequate experimental trials and for evaluating the different 

cia of control by orthodox scientific analyses were necessarily 
imited. 


The impressions gained from a close study of these measures, in the 
course of an extensive control scheme spread over a large territory 
presenting a variety of epidemiological conditions, have an undeniable 
value. In the discussion that follows, therefore, opinions are expres- 
sed, which though not always supported by altogether adequate evidence, 
deserve consideration as they are mostly rooted in deeper experience 
that could not be fully brought to light in this short narrative. In any 
case, the main objective is not to attempt a final judgement on the value 
of these measures, but to bring out their strong and weak aspects as 
actually observed under active service conditions, so as to stimulate 
further investigations, the need for which was keenly felt during the 
campaign under review. 
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Personal Protection Measures: These measures were common to all 
the three phases and were in universal use. Theoretically they should 
have conferred a high degree of protection if rigidly enforced and properly 
carried out. In practice, however, their effectiveness was observed 
to vary not only with the state of discipline of the units and the living 
conditions of the troops concerned, but also with the biting habits and 
rate of infectivity of the local malaria carrying species. Thus, the main 
reeding period of A. minimus being after midnight, its bites could be readily 
avoided by the proper use of mosquito-nets. Accordingly, in stationary 
units located in main camps in Assam, personal protection measures, if 
rigidly enforced, were frequently successful. On the other hand, in 
mobile units, orin stationary units with a high proportion of men cons- 
tantly on night duty, they proved almost ineffective, as the risk of infection 
was then greatly increased by the second factor, namely the excessively 
high infective rates in A. minimus, In areas where the local carriers, such 
as A. culicifacies, A. philippinensis and A. leucosphyrus, were inclined to feed in 
the early evening, troops were exposed to infective bites before they went 
under mosquito-nets. Fortunately this adverse factor was counterbalanc- 
ed by the low infectivity rates in these species, particularly the first two. 
As a consequence, the use of protective clothing and anti-mosquito cream 


was in general more efficacious against these species than against 
A. minimus. 


Of all these measures, mosquito-net gave the maximum protection, 
provided its use was not hampered by rain, intolerable heat, night air 
attacks or other unfavourable conditions under which the troops had to 
live. Protective clothing and anti-mosquito cream, though useful, were 
commonly observed to have a disappointing influence on malaria rates. 


The limitations of the personal protection measures against 
A. minimus were demonstrated most convincingly by the experiences of the 
93rd Indian Division in Kabaw Valley in 1943. The commander of 
this division had taken special steps to provide all units with an adequate 
scale of protective clothing, mosquito-nets, anti-mosquito creams, gloves 
and veils, and had evolved and enforced special anti-malaria drill before 
proceeding to the Kabaw Valley. Despite these precautions, however, 
the division suffered severely from malaria, as shown in Table 1, Chapter 
XI. The underlying causes of such outbreaks are fully discussed in 
Chapter IX and it only remains to add that, in situations where troops 
had to rely exclusively on personal protection measures, the malaria 
rates were excessively high, both in Assam and in Arakan. 


In the closing phases of the campaign the standard of personal 
precautions undoubtedly improved considerably and, while it is difficult 
to define their exact value, it is nonetheless considered that muchof the 
reduction in malaria rates usually ascribed to them was probably brought 
about by the other concomitant measures such as suppressive mepacrine 
and DDT spraying. o 

Spraying with Pyrethrum Insecticide: This method received a fair trial 
at Manipur Road Base in 1942, but the results obtained were far from 
satisfactory (vide Table I). In combination with the extensive anti- 
larval measures, undertaken in the succeeding malaria season, a subs- 
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tantial reduction in malaria was brought about, but it is not certain how 
much of this was attributable to pyrethrum insecticide sprayings. From 
general observation the impression gained was that, under active service 
conditions, this measure appeared to be less effective against a highly 
efficient carrier like A. minimus than against a poor carrier such as 
A. culicifacies. This does notnecessarily imply that variation in the malaria 
carrving capacity was the actual cause but that certain unknown dif. 
ferences in the resting and biting habits of the two species conditioned 
their infectivity rates as well as their susceptibility to pyrethrum spraying. 


Anti-laroal Measures: The measure of success achieved with anti. 
larval control has already been discussed as well as its spectacular role in 
demonstrating the value of anti-malaria efforts at a time when the pre- 
valent opinion was inclined to be sceptical. 


Anti-larval control is, however, a long range programme, parti- 
cularly suited to peace-time conditions when, given adequate funds, its 
success Can be assured through the medium of an effective organisation. 
In war, when there is a serious shortage of equipment and trained staff 
and when the primary need is to bring numerous scattered camps under 
rapid control, often in the middle of the malaria season, the inherent 
weakness of these measures became only too apparent. For it takes 
time to build up the ponderous anti-larval organisation and to bring it 
up to a pitch of efficiency, which ensures the requisite incessant and expert 
supervision of each aspect of the complicated larvicidal routine. 


The newly raised anti-malaria units, composed largely of hastily 
trained personnel, recognised these features of anti-larval control after 
actual experience during one malaria season, and it was only in 1944 
that the measures received the necessary detailed attention. This 
improvement, however, occurred largely in static camps, for, as already 
stated, anti-larval measures were not feasible in forward areas, which 
marked another serious limitation of the usefulness of this method of 
control under active service conditions. 


Use of DDT: Compared with anti-larval measures, the use of DDT 
produced a rapid and complete control of malaria with considerably 
less organisational effort. In these respects, the contrast between the 
two methods was so marked that the decision to give up anti-larval 
measures was taken not without a sigh of relief. 


On the Assam and Burma front, however, DDT was employed 
in combination with suppressive mepacrine and it was impossible to 
assess the effect of each of these measures separately. For a direct proof 
of the effectiveness of DDT, the malaria rates in Ceylon Command are, 
therefore, more suitable for study, as suppressive mepacrine was not in 
force there. 


_ It should, however, be pointed out that the two areas were not 
strictly comparable, for, although the living conditions of the troops were 
nearly the same in the two sectors, the carrier species were different. 


Nevertheless, the steep decline in malaria rates shown in Table ITI, 
that occurred after the initiation of DDT sprayings in February 1949, 
both in the Trincomalee and Kandy areas of Ceylon, provides convincing 
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proof of the effectiveness of this measure, particularly as the steep fall in 
the rates compares favourably with that observed in Assam, where DDT 
spraying was combined with suppressive mepacrine. 


Taste III 
Incidence (rate per 1,000 men per day) of malaria and ùndiagnosed fever in 
Ceylon—November 1944 to October 1945. 





Rate per 1,000 men per day 
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The low rates in the Kandy area are all the more remarkable 
considering that this zone experienced a severe epidemic in 1945, owing 
to deficient rainfall. This epidemic did not effect the sickness rates in 
the army, but the figures, given in Table IV, for civilian patients in 
Kurunegala hospital adequately reflect its severity. 


TasLe IV 
Average weekly outdoor attendances for malaria at Kurunegala hospital— 
September 1943 to October 1945. 








Average weekly number 








Months A ere ean eee nen 
1943 1944 1945 

anua 328 796 
pda : 241 523 
March à 211 413 
April ‘ 161 384 
May .. T ià 149 497 
June .. a ke 165 566 
July T "P es 150 1,038 
August .. ie T 153 1,173 
September e. 262 136 723 
October T 194 244 490 
November as 210 521 Má 
December 4% 306 905 vu 
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The effectiveness of DDT spraying was also strikingly demonstrated 
in the 3rd (Special) Indian Pioneer Battalion which was employed 
in the Trincomalee headworks, in the hyperendemic zone of Ceylon 
from August 1943 onwards. The personnel of this unit, about 1.500 
strong, were not changed throughout this period as the men had been 
recruited on special terms which did not permit them to proceed elsewhere 
on leave or on transfer. Prior to February 1945, their camp had been 
controlled by anti-larval measures and daily spraying with pyrethrum 
insecticide, but towards the end of that month DDT spraying was 
introduced, the effects of which are apparent from the figures presented 
in Table V. 

TABLE V 


Monthly incidence (rate per 1,000) of malaria and undiagnosed fever— 
3rd (Special) Indian Pioneer Battalion— January 1944 to September 1945, 


Rate per 1,000 





Months Se 
1944 1945 
¡  ---——— 
January e oe 24:7 42:7 
February aT .. |. 10°0 22:0 
March .. os in 18:7 5:3 
April .. ee ji 28:7 3°3 
May... si is 84:7 93 
June... 2. | 993 1-3 
July w an ia 47:3 1-3 
August .. gts iå 26:7 2:7 
September ‘a ‘ie 15:3' 2:0 
October.. 2 e 34-7 0-0 
November si ie 18:7 à 
December iá ja 100:7 


Judging by the evidence from Ceylon, there can be little doubt 
that DDT spraying must have played an equally important role in the 
prevention of malarial infections in Assam and Arakan. But, in the 
absence of more direct evidence, the achievements in the latter sectors 
must necessarily be ascribed to the combined effect of mepacrine suppres- 
sive treatment and DDT spraying. 


SUPPRESSIVE MEPACRINE 


Knowledge about suppressive mepacrine grew with experience. 
In 1942, the view in common with that held elsewhere was to look upon 
it as an emergency measure suitable for prevention of overt attacks of 
malaria for restricted periods. It was, therefore, advocated only for 
operational troops and others to whom protection through anti-mosquito 
measures could not be extended. Experience in 1943 seemed to confirm 
this thesis because suppressive mepacrine was usually observed to be 
effective only for a limited period of four to six weeks. In 1944, however, 
the Australian investigations and, to a lesser extent, the local enquiry 
in Arakan, finally established the complete suppressive value of mepacrine 
for long periods, if regularly taken. 
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MALARIA AND UNDIAGNOSED FEVER 
IN THE 3RD SPECIAL INDIAN PIONEER BATTALION 
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During 1943 and 1944, another factor which seriously restricted 
the scope of this measure was the continued shortage of mepacrine, the 
available and ‘due in’ stocks of which were at any given time, sufficient 
only for a small number of troops. The zone of suppressive treatment 
had, therefore, to be adjusted to the stock position so as to avoid periodic 
stoppages through lack of supplies which would have had serious demorali- 
sing effect on the troops. It was only in March 1945 that the supply 
situation improved sufficiently to permit the extension of this measure 
to all operational troops, including those stationed on the L of C. 


Suppressive mepacrine produced definite results only after the 
institution of the drive for strict supervision of its administration but, as 
already stated, this action happened to coincide with the advent of DDT 
spraying. ‘To assess the actual value of this measure in the field, therefore, 
it is necessary to pass in review some pertinent examples of its 
effectiveness, as well as of its apparent failures. 

Of the formations in which suppressive mepacrine displayed definite 
beneficial effect, despite exposure to heavy malarial infections, the most 
striking records were those of XV Indian Corps and 2nd British Division. 
Figures, over a protracted period are, however, available only for XV 
Indian Corps, and are shown in Table VI. 
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Taste VI 


Incidence (rate per 1,000 men per day) of malaria and undiagnosed fever 
—XV Indian Corps—-April 1944 to August 1945. 
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From a study of Table VI it will be seen that, after October 1944 
when rigid supervision was enforced throughout the corps, the rates fell 
precipitously and remained at a low level during the period of high 
transmission of malaria from April to June 1945. 


In the case of the 2nd British Division the monthly rates are 
available, but Colonel J. M. Milne, ADMS, has hen ie effect of 
cessation of suppressive mepacrine on the malaria rates in the division 
which gives equally valuable information. His observations were made 
on the divisional troops and two brigade groups, with a total strength 
of about 11,000 men, in which mepacrine was stopped in July 1945 
after their withdrawal from the operational area to a practically malaria- 
free cantonment in India. 


The cessation of mepacrine was staggered on different dates but 
for compiling results, the time of stoppage was treated as a dead-line 
and the incidence rates in the division were worked out from it for ten 
weeks before and for ten weeks after cessation, irrespective of the actual 
date of stoppage in individual units. The figures thus compiled are given 
in Table VII. 


TABLE VII 


Incidence (rate per 1,000 men per day) of malaria and undiagnosed fever in the 
2nd British Division before and after cessation of mepacrine suppressive 
treatment. 








Weeks ¡Rates before cessation | Rates after cessation 





1 0-27 0-66 
2 0°25 0-77 
3 0:27 1-60 
4 0-18 1 1°10 
5 0-08 1-13 
6 0-13 1-20 
7 0°18 1°03 
8 0-10 1-20 
9 0-14 i 0:90 
10 0:18 0-72 








The small rise in malaria rates noticeable in the three weeks prior 
to the stopping of mepacrine was due to a misunderstanding of the stagger- 
ed system, as the units which had not received orders to stop the drug, 
relaxed their discipline when they saw other units stopping it. The rise 
that occurred after stopping, on the other hand, furnished factual proof 
of the value of suppressive mepacrine. From Table VII it will, however, 
be seen that, unlike the suppressive period, the incidence curve in the 
post-suppressive phase fluctuated over a wide range, rising sharply 
immediately after the cessation of mepacrine to a peak in the third week 
and then declining slowly. It isonly possible, therefore, to compare 
the two periods by averaging the rates during the ten weeks before and 
the ten weeks after the stopping of mepacrine which work out at 0-18 
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and 1-02 per 1,000 men per day respectively. These figures are of pro- . 
found importance as they reveal that suppressive mepacrine was holding 

in check about six times the amount of malaria that was breaking through 

the suppressive phase. It will further be noticed that, even at the end of 
observation period of ten weeks, the rates did not come down to the range 

obtaining in the suppressive period. Indeed, a longer observation on a 

smaller number of men of this division showed that the rates touched 

0:2 per 1,000 men per day only in the sixteenth week after the cessation 

of mepacrine. The amount of malaria which was suppressed was, there- 

fore, perhaps even greater than that calculated above. 


MALARIA AND UNDIAGNOSED FEVER 
IN THE 2ND BRITISH DIVISION 
BEFORE AND AFTER CESSATION OF 
MEPACRINE SUPPRESSIVE TREATMENT 
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The improvement in the malaria situation, exemplified by XV 
Indian Corps and 2nd British Division, was not, however, common 
to all the formations in the command, as, despite the intensive drive for 
rigid discipline in October 1944, a number of units suffered severely from 
malaria, the most notable outbreaks being those recorded in the 36th 
British Division and 19th Indian Division, described below. 


The outbreak in the 36th British Division occurred while it was 
engaged in severe fighting in the intensely malarious jungle terrain 
around Myitkyina. The figures for malaria and undiagnosed fever, 
given in Table VIII, show that the epidemic attained its maximum 
severity in November, when the rates assumed alarming proportions. 
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The entire division was then placed on three tablets of mepacrine daily 
for five days but, despite this, the malaria rates did not fall till January 
1945. Even that fall cannot with certainty be ascribed to the high 
mepacrine dose as the transmission of malaria also normally slackens 
in that month. 


TaBLe VIII 


Incidence (rate per 1,000 men per day) of malaria and undiagnosed fever 
—36th British Division—October 1944 to March 1945. 


Week ending Rate per 1,000 men 
per day 
14 October 1944 .. e 1-90 
28 October 1944 .. jx 2:95 
11 November 1944. . ie 3-50 
25 November 1944 o 5-10 
16 December 1944 2% 2°20 
30 December 1944 cd 1:10 


13 January 1945 .. os 0-46 
27 January 1945 . si 0 

10 February 1945 .. T 0 
24 February 1945 .. ne 1: 
10 March 1945 0 
24 March 1945 0 





The course of the outbreak in the 19th Indian Division was almost 
identical. This division had been suspected of lax mepac:ine discipline, 
which was confirmed by urine examinations in one of the brigades in 
April 1945. Shortly thereafter, however, it went into action in the highly 
malarious Shan Hilis when the malaria transmission season was at its 
height, and suffered a severe epidemic reflected by the figures given in 
Table IX. 

TABLE IX 


Incidence (rate per 1,000 men per day) of malaria and undiagnosed fever 
—19th Indian Division—April 1945 to August 1945. 


ree 


62nd Indian | 64th Indian | 98th Indian 





Week ending Infantry Infantry Infantry Total 
Brigade Brigade Brigade 

14 April 1945... 0:66 1-03 1-25 0-52 
28 April 1945 .. ' 1-40 0:63 1-65 0:68 
12 May 1945 .. 1-43 0:39 0:79 0-59 
96 May 1945 .. 8-54 | 1:18 2:74 1-94 
16 June 1945 .. 1:67 0-88 1:98 1-04 
30 June 1945 2:80 0-18 1-73 1:07 
14 July 1945 EN 1-02 0:17 | 0-46 0:43 
28 July 1945 ws 0-46 0-06 0°29 0:26 
11 August 1945 0:46 0-05 0:35 0-18 
25 August 1945 0:29 0:00 0-11 0:19 


A A A 
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A study of Table IX brings out two interesting features. In the 
first place, the rise in malaria rates in different brigades occurred during 
different weeks, coincident with the dates of their entry into the foot-hills. 
Secondly, even severe malaria in individual brigades was not always 
adequately reflected in the total figures for the division. Indeed, it was 
only towards the end of May that the rates rose sufficiently to indicate 
a general outbreak. The entire division was then placed on three tablets 
of mepacrine daily from 1 to 8 June, which did not, however, secure 
a substantial reduction in malaria up to the end of June. 


From the evidence so far surveyed, it is permissible to conclude that 
suppressive mepacrine had proved effective wherever the drug had been 
administered under adequate supervision and that its apparent failure was 
invariably due to laxityin mepacrine discipline. The extent to which this 
measure succeeded in suppressing clinical attacks is well illustrated by 
the rise in malaria rates in the 2nd British Division when mepacrine was 
stopped. There can, therefore, be no doubt that the steep fall in 
malaria rates in the SEAC after October 1944 could, to a considerable 
extent, be justifiably ascribed to suppressive treatment. At the same time, 
it would be unwise to ignore the share of DDT spraying in this reduction, 
particularly considering the results obtained with the latter in Ceylon. 
The probability, therefore, is that the two factors were complementary; 
DDT proving more beneficial on the L of C and in headquarters camps, 
whereas the effectiveness of suppressive mepacrine was more marked in 
the forward troops.’ 

The evaluation of suppressive mepacrine would be incomplete 
without referring to certain difficulties that were encountered in its practi- 
cal application under operational conditions. It was observed that in 
the hyperendemic areas of Assam and Arakan the margin of safety 
for troops under suppressive mepacrine was exceedingly small, as overt 
attacks of malaria usually supervened if the drug was missed for a single 
day. Under operational conditions, when proper supervision of the 
daily dose could not always be ensured, particularly in detachments, 
patrols and composite units, it was, therefore, felt that suppressive treat- 
ment would have been much more effective had a drug with more lasting 
effects than mepacrine been in use. An ideal drug which would probably 
satisfy - many of the exacting requirements of active service would 
be one which need only be taken once a week but which would remain 
almost fully effective for another week. 


Oe LS e ANTI-MALARIA ORGANISATION 


The anti-malaria establishment in the India Command and SEAC 
has evoked adverse criticism chiefly on the score that, since malaria 
control is an integral part of hygiene, it should not have been necessary 
to create a separate anti-malaria organisation. This criticism, however, 
applies only to the developments that occurred in the operational areas, 
as the cantonment scheme was concerned primarily with the reorganisation 
of the anti-malaria services that already existed. j 

To put the case for the India Command in its proper perspective, 
it is necessary to review the situation at the time when the Assam front 
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was established early in 1942. This. event produced a multitude of 
administrative medical problems but, from the anti-malaria point of view, 
the dominant consideration was to evolve and to put into the field an 
adequate organisation as speedily as possible, as the area of operations 


was not only intensely malarious, but the malaria transmission season had 
already started. 


The situation was further complicated by the fact that there was an 
equal and simultaneous need for general sanitary services, which required 
the rapid expansion of the hygiene establishment as well. These dual 
operations had, therefore, to be organised side by side and, although 
they had many common features, they also possessed certain important 
divergent characteristics that had to be taken into consideration. Thus, 
the anti-larval measures, which were then the mainstay of anti-malaria 
operations, required detailed specialised knowledge which the hygiene 
officers had to acquire but which could just as easily be imparted to an 
average medical officer through a relatively short course of training. It 
was unnecessary, therefore, to divert the qualified hygiene officers to this 
task, particularly as they were urgently needed to man the general 
hygiene services. Secondly, as already explained in Chapter VIII, the 
field hygiene section as such could not carry out anti-malaria measures 
without a considerable increase in its establishment and, for reasons given 
there, it was preferable to expand the anti-malaria units for this purpose. 
Thirdly, the rapid increase in the scope of anti-malaria as well as hygiene 
Operations necessitated an immediate decentralisation of control but the 
magnitude of the task was such that the hygiene staff officers could not 
undertake the dual responsibility without loss of efficiency in one sphere 
or the other. The creation of anti-malaria staff officers was, therefore, 
the only possible solution to the problem. 


It will thus be seen that the anti-malaria organisation in the India 
Command and SEAC was moulded by the pressure of organisational and 
technical circumstances before which all theoretical considerations had 
to give way. Organisationally, the dominant need was to ensure the 
speediest possible development and this could best be ensured by planning 
the twin organisations of hygiene and anti-malaria on parallel lines, rather 
than by expanding the former to cover the functions of both. ‘The semi- 
independence of anti-malaria field work was, however, offset by bringing 
the ‘anti-malaria staff officers at the GHQ, (India) within the hygiene 
department of the Medical Directorate, thus securing a close integration 
of anti-malaria and hygiene policies. At no time, therefore, was a complete 
cleavage between the two sets of activities allowed to occur, as is implied 
by the critics of the anti-malaria organisation in India. 


Technically, the pattern of the organisation was largely influenced 
by the exacting requirements of anti-larval measures which then dominat- 
ed all other methods of malaria control. In 1945, when DDT spraying 
superseded larvicidal operations, there was an obvious need for the 
recasting of the establishment of anti-malaria units as well as of hygiene 
and anti-malaria staff appointments but the war ended before the neces- 
sary adjustments could be effected and tested in the field. 
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CHAPTER XIII 


Activities of the Malaria Institute of India 


during World War ll. 
By 


LIEUTENANT-COLONEL Jaswant Sincu, M.B., Ch.B. (Edin.), D.T.M. 
l & H. (London), D.P.H. (England), IMS 


India has during the past 50 years or so attained an imposing 
record of achievements in the field of malaria research, The classical 
investigations of late Sir Ronald Ross, an officer of the IMS, 
who at the close of the last century demonstrated for the first 
time that mosquitoes transmitted malaria, evoked an unprecedented 
Interest in this subject, and a great mass of details has since been worked 
out in connection with the transmission of the disease and its control. 
It was not till the year 1927 that the central organisation’ “ Malaria 
Survey of India ”?” was established to carry out planned investigations 
for the prevention of malaria in India and to provide a medium for a 
concerted study of the subject. The name of the organisation was chang- 
ed to Malaria Institute of India in 1938. This organisation was financed 
entirely by the Indian Research Fund Association from its inception 
till 1940 when the Public Health Section was taken over by the Govern- 
ment of India. Its research activities continued to be financed by the 
Indian Research Fund Association till 1946, when the Government of 
India assumed responsibility for that section also. 


In 1942, advantage was taken of the generous offer of the Rocke- 
feller Foundation to donate the equipment of its malaria research unit 
at Coonoor to form a much needed Southern India Branch of this insti- 
tute. Owing to shortage of personnel during World War IT, the activities 
of the Southern India Branch were greatly restricted. Expansion of 
the staff sanctioned in the post-war period will, it is expected, enable 
its activities to be considerably extended. Among its functions will 
be the provision of advice and guidance to the numerous tea and coffee 
plantations and other industrial concerns located in South India. 





1 The idea of a central organisation owes its conception to Colonel Sir S. Rickard Christophers, 
CIE, FRS, IMS (Retd.), whilst its subsequent development is attributed a great deai to the 
able and energetic direction of Lieutenant-Colonel J. A. Sinton, VC, OBE, IMS (Retd.) and 
Major-General Sir Gordon Covell, CIE, DMS (Retd.). in , 

The Expert Committee on Malaria of the Interim Commission, World Health ante: 
tion (1948) has recommended the establishment of malaria control organisations like the 
Malaria Institute of India in other countries which do not possess such an organisation, and 
have commended the excellent results which have been achieved by this institute, Dr. M. C. 
Balfour, Regional Director in the Far East, International Health Division of the Rockefeller 
Foundation, while discussing the research and teaching in tropical medicine in the Far East 
before the Fourth International Congress on Tropical Medicine and Malaria (1948), referred 
to the Malaria Institute of India as the driving force in studies in malariolo and in promotion 
of malaria control in the Far East and paid tribute to its notable history in malaria research, 
teaching and practice. 
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The functions of the institute were wide and varied and fell under 
three broad categories, advisory, training and research. Thus, it advised 
the Central Government on all aspects of the malaria problem. Advice 
was also given to the provincial governments as and when required. In 
the field of training, regular courses in malariology were conducted for 
medical officers, engineers and malaria inspectors. Instructional manuals 
on malarial surveys, entomology, anti-mosquito measures, etc., were 
published for the use of students and the general public.? Field and 
laboratory researches on parasitology, mosquito bionomics, laboratory 
techniques and methods of malaria control, including the testing of 
insecticides and anti-malarial drugs, and epidemiological investigations 
constituted an important feature of the institute’s activities. Attention 
was also devoted to the study of allied diseases like filariasis, kala-azar, 
yellow fever, etc. The results of such researches were published in the 
Journal of Malaria Institute of India (later called Indian Journal of Malario- 
log y) which was edited by the director of the institute. The institute was 
also responsible for the effective promotion of liaison between the central 
and the provincial malaria organisations and with malariologists 
working in other countries. The functions and activities of the institute 
continued to be the same in the post-war period. 


WAR ACTIVITIES 


During World War I, malaria work in India came to a temporary 
standstill as most of the officers engaged on that work were recalled to 
military duty. During World War II, on the other hand, the Malaria 
Institute of India did not only survive the shock of the fateful years of 
the war but played an active and important role in the war effort as 
described in the succeeding paragraphs. The success on the Burma 
and the other Eastern fronts was largely due to the remarkable results 
in malaria control achieved by the anti-malaria organisations of the Allied 
armies. 

Major M. K. Afridi, Assistant Director at the institute, as already 
stated before, was recalled to military duty in August 1940: He served 
as malariologist to the forces in Eritrea and Iraq, and subsequently held 
the post of ADM, GHQ (India) and later the more responsible post of 
consultant malariologist, ALFSEA, with the rank of brigadier. Major 
Jaswant Singh, Research Officer, succeeded him. All the six military 
oo surgeons attached to the institute were also recalled to military 

uty. 

All activities of the institute during the war were carried out with 
the pre-war staff which remained depleted, as stated elsewhere, until 
August 1944, when the Government of India sanctioned certain additions 
to the staff for the period of war. These included a new post of deputy 
director, one additional assistant director, two additional malaria assis- 
tants and some clerks and technical assistants. The concentration of acti- 
vities of the institute at Delhi due to the war, however, necessitated the 
move of the headquarters from Kasauli to Delhi in the beginning of 1943. 


2See Appendix XIII. 
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From the outbreak of the war, the director of the institute, Lieut- 
enant-Colonel (now Major-General Sir) Gordon Covell, discharged the 
functions of consultant malariologist, GHQ (India) and the RAF. The 


appointment of consultant malariologist was, however, officially sanc- 
tioned in April 1944, 


The appointment of the director as consultant malariologist to the 
GHQ (India) entailed on him constant and heavy touring, involving 
long absence from the headquarters. The personal inspections, however, 
stimulated the malaria control work carried out on the various war fronts, 
while the contacts established in the foreign countries had a considerable 
effect in co-ordinating the activities of malaria workers of these countries 
and India. The first tour to the USA was undertaken in 1943 with 
the special object of securing a favourable quota of pyrethrum. Asa 


result of this tour, the position of allocation of pyrethrum to India improv- 
ed considerably. 


The impressions gained by the tour in Australia and New Guinea 
were utilised as the subject matter of an extensive lecture tour to the mili- 
tary stations and camps of the India Command and the SEAC. These 
lectures had a considerable effect in improving the standard of anti- 
malaria discipline in the various formations. 


Before the last war, the Army-in-India did not possess a regular 
organisation for the control of malaria, either in cantonments or in the 
field. The first two anti-malaria units to be formed and mobilised were 
staffed mostly by the personnel of the institute and were placed at the 
disposal of the armed forces for service overseas in the Middle East 
theatre.2 These two units were the forerunners of about 120 such units. 
Practically all the officers attached to these units, as well as the anti- 
malaria staff officers and the malaria officers of the cantonments in India, 
underwent intensive courses in malariology at this institute. 


Training: Normally, a six-week course in malariology was held 
each year for medical officers deputed by the Public Health Departments 
of the Provinces, Indian States, Defence Services, Railway Board, Local 
Bodies, etc., but, owing to the requirements of war, it was necessary to 
hold five or six intensive courses every year. though the duration of each 
was curtailed to four weeks. Twenty-one such courses for military 
personnel were held during the war at which over 500 officers received 
training. The subjects taught included the identification and dissec- 
tion of mosquitoes and their larvae, the bionomics of mosquitoes, the 
parasitology, pathology and epidemiology of malaria, methods of investi- 
gating and measuring malarial incidence and principles and practice of 
control measures.* 


A number of short courses were also held for officers and various 
classes of subordinate personnel. The total number trained in the 
anti-malaria duties during the war was 1,068 including 333 officers, 
426 IHC personnel and sanitary inspectors and 87 engineers. 


3 One of these units received special commendation for its work in the field from the General 
Officer Commanding, Eritrea. 


4For syllabus see Appendix XIV, 
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Research: The institute carried out research in anti-malarial! drugs 
insecticides, mosquito repellents and spraying equipment, etc. A special 
technique of rapid staining of malaria parasites was developed and 
production of antisera was started. 


ANTI-MALARIAL DRUGS 


Java had been holding the monopoly of cinchona and quinine 
supplies in the world for a considerably long time, her output supply 
being 97 per cent. of the world’s requirements. In the beginning of the 
year 1942 and thereafter, the war exigencies made it impossible for the 
Java supplies becoming available to the Allies, and the acute shortage 
of quinine was being felt seriously. India’s pre-war production of quinine 
was only 70,000 Ibs., and another 140,000 lbs. had to be imported from 
Java to make up her total consumption of 210,000 lbs. The requirements 
of other Far Eastern countries, and the drying up of the only source of 
supply, i.e. Java, made the situation critical in the countries of the Eastern 
theatre. Conservation of existing stocks, prohibition of the use of quinine 
for any other purpose than anti-malarial and limiting the course of 
treatment to actual abortion of the clinical symptoms were among the 
many measures to be explored to meet the emergency. 


This also led to the stimulation of interest in the search for substi- 
tutes which could be used with the same degree of efficiency as quinine. 
Synthetic anti-malarial drugs had already made their appearance, but 
India and other Asian countries had to depend for their supplies from the 
United Kingdom and the USA. The other possible source was the drugs 
of indigenous origin. The Malaria Institute of India, therefore, under- 
took considerable amount of research work for evaluating the efficacy 
of the synthetic drugs under the local conditions and investigating 
the anti-malarial properties of the indigenous drugs. Many preliminary 
trials were made on Northern India rhesus (Macaca mulatta) monkeys 
before the drugs were tried on human beings. 


Of the indigenous drugs the following were investigated with some- 
what discouraging results:— 


An A err EN OT 


Name of drug Results 











A-9 .. ace pë No more effect than would be 
expected from the administra- 
tion of cinchona in it. 


- A.B.N. 61 or Dita-quinine  .. | No more effect than would be 
expected from the administra- 
tion of quinine in it. 


Alstonia scholaris we No effect. 
A-Gad de 6 No effect, 
Antique quine .. pš No effect, 
Ayurvedic anti-malarial medicine | No effect. 
Chirvasal - zí No effect. 
Coffee husk ue as No effect. 


o a shat 
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Name of drug Results 
Degan's remedy .. as No effect. 
Fraxine malacophylla aT No effect. 
Hindscout së ni No effect. 
H. T. 7 eg g» No effect. 
Jwaraghna sa T No effect. 
Saptaparna m Ras: No effect. 
Karanjwa seeds (Pongamia glabra)| No effect. 
Lichtenstein cure Ja No effect. 

‘Malaridol ee ap No effect, 
Sunine + ia No effect. 
Tinospora cordifolia re No effect. 
Vitex peduncularis ro No effect. 





-Synthetic anti-malarials like mepacrine (atabrine, atebrin, acri- 
quine, chemicochin, chinacrin, erinodora, erion, hafikinine, itakchine, 
metoquina, metoquine, quinacrine) and M3349, M4888 later called 
paludrine (proguanil, chloroguanide) were given extensive trials both 
in the laboratory and in the field. After the initial favourable results 
in India and in Australia by Hamilton Fairley large scale experiments 
were conducted in hospitals, rural areas and in well organised labour 
populations. Paludrine proved quite successful both in its prophylactic 
and therapeutic use (Afridi, 1947). 


JSB STAIN 


During the war, it became increasingly difficult to procure ingredients 
for the preparation of various modifications of Romanowsky’s stains, such 
as Giemsa, Leishman and Wright’s, at reasonable cost. Work was, 
therefore, undertaken at the institute to prepare a stain from ingredients 
which were readily available and could be substituted for the costher 
imported dyes and their solvents. Methyl alcohol (acetone free) and 
glycerine were being used as solvents, but in rapid methods 
of staining not only the costly ingredients were substituted by less costly 
and more readily available materials but these were eliminated as detailed 
below. A technique of rapid staining of malaria parasites by water soluble 
stain (JSB Stain) was thus developed by Jaswant Singh and Bhattacharji 
(1944). 


The stain consists of two solutions, I and II. The first is a solution 
of methylene azure prepared under acid oxidation and subsequently 
dissolved in a weak solution of a strong base, e.g., caustic potash. The 
ingredients of solution I are given below :— , 


Medicinal methylene blue e a a, Og. 
Potassium dichromate (K, Cra Uy) be .. 05g. 
Sulphuric acid (Hz SO,) 1 per cent. by volume an SEK. 


Potassium hydroxide (KOH), I per cent. .. .. lOce. 
Water .. i 7 o wi .. 300 cc. 
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The methylene blue is dissolved in 500 c.c. of water by constantly 
shaking in a narrow-mouth flask. It is acidified with the dilute sulphuric 
acid and then the chrome salt is added. A heavy deposit of flocculated 
amorphous purple-coloured precipitate is then formed. The solution 
is thoroughly shaken and heated in a water-bath at boiling point. The 
original liquid and the precipitate begins to change colour, first becoming 
greenish and on further heating for about three hours at the above tempera- 
ture the colour changes to blue. This change may be apparent after two 
hours of boiling, but it is advisable to continue boiling for another hour. 
At the end of this period the flask is allowed to cool, and the precipitate 
appears as steel-blue needle-like branched crystals. With concentrated 
sulphuric acid the precipitate gives a deep green colour thus indicating 
that it belongs to the thionine series like methylene blue. With ether 
it gives an orange-red colour showing that it is an azure. 10 c.c. of | 
per cent. KOH solution is then added drop by drop, while shak- 
ing the flask continuously, when the greater portion of the precipitate 
dissolves. This liquid is then filtered several times to ensure complete 
solution of the dye remaining on the filter paper. The filtrate is blue with 
a violet iridescence and is a mixture of the azures with only a trace of 
methylene blue. 


The presence of methylene azure and traces of unoxidised methylene 
blue can be demonstrated by adding two drops of the filtrate to 2 c.c. of 
water and 5 c.c. of ether. On shaking vigorously for a few seconds, 
ether absorbs the azures and turns faint orange or eosin red, while the 
watery layer below shows a faint blue colour due to the presence of some 
unaltered methylene blue. If instead of ether, chloroform is added, this 
will settle at the bottom of the test tube, giving an intense violet colour 
which indicates the presence of azure. The watery portion at the top 
remains colourless. If the oxidation of methylene blue is incomplete 
the watery portion will stain a definitely blue colour. In actual practice 
a trace of unaltered methylene blue does not interfere with the staining. 


Solution II is readily prepared by dissolving 1 g. of water soluble 
eosin in 500 c.c. of tap water. A freshly-prepared eosin solution may 
not yield as satisfactory a solution as one which has turned deep red after 
some use. 


Solutions I and 11 should be kept in wide-mouth-stoppered jars, 
14 inches diameter by 33 inches height, and set aside for 48 hours to 
mature. Both the solutions keep well for several months, but in solu- 
tion I a thin golden yellow scum is likely to form on its surface due to 
slight precipitation of the dye. This does not, however, interfere with 
staining, and the staining power of the solutions does not deteriorate with 
age. 


5For method of staining with JSB stain see Appendix XV. 

The stain was tried by the Chief of Laboratory Service, 20 General Hospital, APO 689, 
CBI Laboratory and the Director, Army Medical Centre, Army Service Forces, War Depart- 
ment, USA, Washington, and its usefulness was recognised. Microscopical specimens of 
P. vivax and T. brucei stained with JSB stain were exhibited at a laboratory meeting of the 
Royal Society of Tropical Medicine and Hygiene held at the Royal Army Medical College, 
Millbank, London on 15 March 1945. Sharp differential staining and general utility of this 
stain for demonstrating parasites in thick and thin films were also mentioned. 


ACTIVITIES OF THE MALARIA INSTITUTE OF INDIA 367 
ANTISERA 


~ Antisera, which was previously being imported from the Instituto 
Sieroterapico Milanese, Milano through the Rockefeller Foundation 
International Health Division, Instituto di Sanita Publica 299 Viale 
Regina Marghereta, Rome, Italy, for use in precipitin tests for the deter- 
mination of the source of blood meals of mosquitoes, was not available 
during the war. The production of high titre antisera was, therefore, 
given a high priority particularly in view of an enquiry from the Medical 
Research Liaison Committee for India in London. 


Human and bovine antisera, which are commonly used in this 
country, were prepared to meet the immediate needs of India. Precipitin 
tests are now being carried out in large numbers on behalf of the World 
Health Organisation teams in the South-East Asia region. 


INSECTICIDES 


In the years preceding the outbreak of the war, the spray-lalling 
of adult mosquitoes with sprays containing pyrethrum was hailed as the 
greatest advance in the methods of malaria control. Asa result of obser- 
vations carried out in the field since 1936 in India and elsewhere, the 
efficacy of this method had been established as an outstanding weapon 
against rural, urban, industrial and incidental malaria. 


In the early war years, this method proved effective in securing 
immediate control of malaria under field conditions and constituted 
probably the greatest help which could be given in military campaigns 
in malarious countries. 


Japan, with its annual output of 12,000 tons of pyrethrum cineraria 
folium, was the biggest pre-war supplier of pyrethrum flowers, but at the 
commencement of hostilities, this source was no longer available to the 
Allies, as Japan probably started to conserve stocks of these flowers 
for their own consumption long before it entered the war in 1942. With 
the extension of military operations to the Middle East and the Far East, 
demands for anti-mosquito sprays by the Services of all nations gradually 


increased, and the position soon became acute as the stocks previously - 
built up in the Allied countries were being seriously depleted. Kenya, 
which was the second biggest supplier producing nearly 6,000 tons of 
flowers annually, had to be mainly depended upon, the other sources, 
i.e., Brazil and Belgian Congo playing only a minor role. Unfortunately, 
in 1943, the pyrethrum crops in Kenya were adversely affected by the 


failure of the rains. 


It had already been demonstrated that high quality pyrethrum 
flowers could be grown in India in the Punjab hills, N orth-West Frontier 
Province and Kashmir. With the increasing demand for pyrethrum 


Footnote 5 (continued) , , i : i 
Slightly modified technique 1s at present being tried out in the National Institute of 
Health, Bethesda, as well as in the London School of Tropical Medicine and Hygiene, London. 
The reader is referred to some of the important references [1.€., Boyd (1949); Manwell (1945); 
Mariwell and Philip Feigelson (1948); Russell, West and Manwell (1946)] regarding the later 
evelopments, 
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by the Allied countries extension of pyrethrum cultivation was given 
a very high priority. Cultivations in the Palni hills, Nilgiris, Mayur- 
bhanj, Khasi hills and Kashmir were tried, and ultimately extensive 
lantations on a commercial scale were established in Kashmir Valley 
and the Nilgiris, which yielded increasing supplies of pyrethrum in the 
following years. In the meantime, as the stocks of pyrethrum flowers had 
greatly been depleted, it was decided by. the Allied High Command that 
the allocation of pyrethrum sprays should be restricted for the use of 
troops in operational areas only and should not be issued for permanent 
and semi-permanent camps where screening and other anti-malarial 
measures could provide reasonably adequate protection to the troops. 
This restriction chiefly affected India as it had the largest number of 
permanent and semi-permanent camps in highly malarious areas. It was 
at this critical juncture that the Malaria Institute of India was called 
upon to undertake extensive laboratory and field trials on insecticides 
and various kinds of mosquito repellents and other methods of mosquito 
control. Intensive investigations were started by the institute on methods 
of achieving effective results in malaria control by using concentrates 
containing reduced quantity of pyrethrins in the presence of activators 
and synergists and alternative insecticides particularly those available 
from indigenous sources. An account of the researches carried out in 
‘this respect by the institute is given below :— 


Comparative biological tests on the mosquitocidal value of a 
number of proprietary insecticidal preparations, such as pyrocide 20, 
pyefly, pyrin, pyrefume 20 and 100, deskito, pymulso, lethane 384 etc., 
and pyrethrum flowers from Kenya, Goonoor and Kashmir were under- 
taken first in an experimental chamber of 50 cubic feet capacity and later 
in a room of 1,500 cubic feet capacity. Experiments undertaken in the 
large room, which was fitted with an exhaust fan, gave more satisfactory 
results than those carried out in the small chamber. A spray prepared 
by soaking 1 lb. of pyrethrum flowers in one gallon of kerosene oil was 
found to be as efficient as that prepared by diluting pyrocide 20 with 
kerosene. In fact fresh sprays prepared by soaking powdered flowers 
from Kashmir for 72 hours in kerosene gave better results than those 
obtained with imported extracts. 


It was usual to spray oil solutions of various insecticides for the 
control of mosquitoes. As, however, kerosene was not only in short supply 
but more expensive, a series of experiments were conducted by this insti- 
tute, both in the laboratory and in the field, to find out some other suitable 
and more economical vehicle for the preparation of sprays, containing 
pyrethrum and other insecticides. In search for a suitable emulsifier 
for the preparation of an emulsion of pyrethrum extract in water, in the 
presence of which the pyrethrins would not become hydrolysed, over 
100 biological experiments were carried out. Of the 25 different emulsi- 
fiers tested, one was found to satisfy the necessary conditions. As a 
result, pyrethrum emulsion in water could be used in place of kerosene 
oil solutions, and this emulsion did not lose its insecticidal properties 
for long periods. About 250 further insecticidal tests were carried out in 
the search for synergists and activators of pyrethrins. Combinations of 
pyrethrins, lethane 384, lethane 384 special, I.N. 930, sesame oil and 
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diesel oil were tried in order to effe i 
r qu ct economy in th {f 
in mosquitocidal sprays. e o din 


_ On account of the large increase in air traffic from the West to 
India through the African Continent, the fear of introduction of yellow 
fever” into India loomed large. A number ofexperiments were carried 
out in aircraft at Karachi with a view to find most suitable insecticides 
for the destruction of mosquitoes in the aircraft coming from yellow fever 
areas. As the air companies and the RAF objected to the use of kerosene 
solutions in the aircraft, various types of aqueous preparations, such as 
deskito, pymulso, pyrethrum aqueous emulsion, etc. were tried. A 
phantomyst atomiser, producing a very fine spray, was not considered 
satisfactory as the particles produced were much too fine. A number 
of tests were carried out with aerosol bombs, containing pyrethrins dissolv- 


ed in sesame oil and freon. These, adequately used, gave very good 
results. 


All insecticides tried were contact poisons and the size of the particles 
of the spray discharged from sprayers was found to have direct bearing 
on the percentage of the specimens killed. It was found that, when an 
insecticide was discharged at the rate of about 50 c.c. per minute with a 
pressure of about 25 ibs., it produced the highest kill of mosquitoes as 
compared to any other discharge rate of the same insecticide, 


Towards the end of 1943, DDT was received for the first time at 
this institute. It was to be used against mosquitoes as a solution in 
kerosene' or as a xylene-triton-aqueous emulsion. As both these solvents 
were in short supply in India and comparatively expensive, a number of 
experiments were conducted to find a suitable and cheap solvent. The 
Council of Scientific and Industrial Research for the first time suggested 
turpentine (indigenous and of vegetable origin) as a solvent for such a 
formulation. As turpentine was required for other more important 
uses as well, GHQ (India) offered toluene which at that time was avail- 
able in India in large quantities. DDT emulsion concentrates readily 
miscible with water were prepared with different solvents individually 
or in combination with others, using various kinds of emulsifiers. A 
number of tests were carried out in the field to determine the duration 
of the residual effect of various emulsions against adult mosquitoes. 
It was found that emulsion prepared with medium kerosene extract as 
a solvent was as successful as a kerosene solution of DDT and was more 
economical. 


Comparative experiments were also carried out to determine the 
duration of the residual effect of DDT when sprayed inside huts as a 5 per 


6In addition to its main function of dealing with the problems connected with malaria, 
the institute was called upon during the war to advise on measures directed against the possible 
introduction of yellow fever in India. Since 1941, the officers of the institute have been under- 
taking a number of special tours in Egypt, the Sudan, Eritrea and Kenya Colony to study 
and report on the anti-Aedes measures adopted in these countries in connection with seaports, 
ships, airfields and aircraft. A number of visits were also made to Bombay, Calcutta and 
Karachi with a similar purpose in view. The experience gained during these tours together 
with the data, obtained from investigations carried out at the institute in regard to insecticides, 
aerosol bombs and other spraying equipment, have formed the basis of the quarantine regulations 
issued from time to time by the Government of India for preventing the introduction of yellow 
fever into this country. 
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cent. solution in kerosene or as a 5 per cent. aqueous emulsion in Bengal 
Duars. Both were found to be equally effective appreciably reducing the 
infectivity rate amongst mosquitoes. Barrier spraying was also tried 
applying 5 per cent. DDT solution and emulsion at the rate of 1:5 
gallons peracre. This amount which did not completely kill the vegeta. 
tion in the area was found to be insufficient for adequate control of 
mosquitoes in the area. 


DDT was also tested as a larvicide both in the field and in the 
laboratory. It was applied in solutions in used-engine-oil or in diesel 
oil. Emulsion concentrates containing DDT in different solvents receiv- 
ed from 1 Anti-gas Laboratory, Jubbulpore were tested for their larvicidal 
value. Allofthemexcept those containing turpentine as solvent appeared 
to sink to the bottom of the sprayed water within afew minutes of their 
application. ‘These emulsions were also tried against adult mosquitoes, 
and the one containing turpentine and toluene as solvent of DDT yielded 
satisfactory results. It was, however, found that DDT solutions in 
kerosene or used-engine-oil sprayed on the water surface as larvicide 
did not have appreciable residual effect. 


Effect of aerial spraying of DDT solution in kerosene was also tried 
in Delhi. It was found that when DDT was sprayed from a low-flying 
aircraft at the rate of 660 gallons of 8 per cent. DDT-kerosene solution 
per square mile, the prevalence of mosquitoes fell to the extent of about 
50 per cent., but this number went up very quickly and also that kerosene 
oil was found deleterious to vegetations in a number of places. Three 
other experiments were carried out to determine the efficacy of DDT- 
turpentine-toluene emulsions when sprayed over the breeding places 
from a low-flying aircraft. The emulsion was applied at the rate of 
approximately 16 c.c. per ten square yards. In all these, a 79 per 
cent. mortality among 3rd or 4th instar larvae was observed after 24 
hours, but in larvae in Ist and 2nd instar the mortality was less than 
50 per cent. The dosage applied, however, killed a large number of 
small fish which were present in the water over which DDT was sprayed. 
These experiments amply showed that the spraying of DDT from air- 
craft, though useful as an emergency measure in warfare, is unlikely to 
come into general use for civilian purposes. It was excessively expensive 
and the pilots had to be specially trained for this type of work. Even 
in warfare, this method, generally speaking, is restricted to 48 hours 
immediately following the occupation of the enemy position to tide over 
the danger period before routine spraying of the interior of the buildings 
and their immediate surroundings by the anti-mosquito ground staff 
can be established. Application of DDT from the air is less accurate 
than from the ground owing to changes in the direction of the wind. 
Apart from this, the risk to crops, flowers and fruit trees from the destruc- 
tion of beneficial insects, which are necessary for pollination, limits the 
use of this method. 


REPELLENTS AND PROTECTIVE CLOTHINGS 


It was felt that the army personnel on night duty needed personal 
protection in the form of suitable repellents for which ordinary bamber oil 
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was not found satisfactory. Repellent vanishing cream, containi : 
per cent. pyrethrins, was used on a large scale by the army in whe Far 
Eastern fronts. Similar vanishing creams supplied by the various makers, 
including Stafford Allens’ deskito cream, were tested, but not found 
superior to the anti-mosquito cream containing pyrethrins. Extensive 
trials were also conducted with DMP fluid and DMP cream (the latter 
containing 60 per cent. of the former). These were found highly effective 
both against Aedes and Anopheles. Extracts of a number of indigenous 
aromatic plants were also tried, but none of them had any appreciable 
repellent properties. While working on comparative protection from the 
bites of mosquitoes afforded by different types of clothing, it was found 
that mosquitoes did not bite through a cloth to which DMP had been 
applied. Experiments were carried to assess deterrent action of these 
repellents, when applied to fine or coarse camouflage nets. The protec- 
tion ratio afforded by drill to cellular cloth was found to be 95-8 to 50 
per cent. Other cloth material like utility gaberdine was also tested. 


SPRAYING EQUIPMENT 


Experiments were conducted to find out the particular type of 
sprayer which would discharge the requisite size of particles of the insecti- 
cide to obtain the maximum kill. Sprayers which worked at constant 
air pressure were found to be superior to those in which the pressure 
gradually decreased. Certain types of electric and petrol-driven sprayers 
were selected for the spray-killing of adult mosquitoes. In aircrait the 
use of aerosol bomb was found to be more satisfactory. 


For the atomisation of solutions and emulsions of insecticides, hand 
sprayers of the continuous type popularly known as MISH were exten- 
sively used by the army especially in the forward areas. This pattern has 
been modified by different workers and used for indoor residual spraying 
of DDT, but stirrup pumps fitted with a lance with a wheel cock at one 
end and a nozzle with a bore of 1/32 to 1/64 inch at the other were 
found most suitable. A large number of knapsack sprayers were also 
tested and hand pressure knapsack sprayers fitted with nozzle of the 
American contaminated type were found very effective. 


REFERENCES 


AFRI, M. K. (1947) Ap .. Indian F. Malariology, 1, 347. 
Boyn, M. F. (1949) a .. Malariology, W. B. Saunders Co. London. 
EXPERT COMMITTEE ON MALARIA OF THE 
INTERIM Commission, WorLD HEALTH 
ORGANISATION (1948) .. .. Bull. W.H.O., 1, 217. 
FourrH INTERNATIONAL CONGRESS ON TROPI- 
CAL MEDICINE AND MALARIA (1948) .. Proc. 4th Int. Cong. Trop. Med. & Mal., 1, 108. 
Jaswant Snos, J. and BHATTACHARJI, L. M i 
(1944) Indian med. Gaz., 79, 102. 


LABORATORY MEETING OF THE ROYAL SOCIETY 
or TroPicCaL MEDICINE AND HYGIENE 


(1945) š 
MAaNnwELL, R. D. (1945) 


; Trans. R. Soc. Trop. Med. $ Hy8., 3% 2- 
5 zd qe 
Manwett, R. D. and Pru Feicerson, B. S. 


J. Lab. Clin. Med., 30, 1078. 


(1948) ei y .. J. Lab. Clin. Med., 33, 777. 
P. F., West, L. S. and MANWELL 
RUER? D. (1846) n. -. Practical Malariology, W. B. Saunders Com- 


pany, London. 


APPENDIX X 


Anti-Malaria Operations in Delhi, Jamnagar 
and Coalfields 


ANTI-MALARIA OPERATIONS IN DELHI 


The first authentic reference to malarial conditions in Delhi was 
made in the report of the commission of 1845 which investigated the 
cause of unhealthiness in the tract lying along the course of the Western 

amuna Canal. Apart from this report, observations, recorded prior to 
1912, dealt chiefly with conditions in Delhi Fort and Daryaganj Canton- 
ment, which were notorious in the army as hotbeds of malaria. The 
malaria incidence recorded for the troops for the years 1896 to 1900 was 
1,146 cases per mille. Captain Lelean in 1903 commented that the 
havoc, caused by malaria to troops in Delhi, was so intense that in 1904 
the bulk of the garrison was removed to the ridge during the worst 
months of fever. Expert advice was sought and given from time to time 
between 1912 and 1934, and, owing to lack of funds, only a small propor- 
tion of the recommendations were carried out at various periods and 
consequently the results achieved were only partial. It was not till 
1936 that a well planned anti-malaria operations for the Delhi urban 
area were seriously undertaken. 

The city of Delhi is situated in a zone of Northern India which is 
susceptible to periodical fulminant epidemics, which tend to occur 
especially in years of excessive monsoon rainfall following a series of years 
of deficient rainfall, provided also that the level of communal immunity 
is low.. Recent epidemics in Delhi have occurred in 1926, 1933 and 1942. 
The chief malaria problem in Delhi is due to the excessive canal irrigation, 
coupled with interference with natural drainage by railway, road and 
canal embankments, and annual flooding of the Bela by the rise in water 
level in the river Jamuna resulting in heading back of water in the vari- 
ous storm-water drainage channels and the formation of prolific breeding 
places as the floods recede. ‘The presence of a vast number of excava- 
tions throughout the area, in the form of railway and roadside borrow- 
pits, pits in the brick-fields and stone quarries, form additional hazards. 


Conduct of Anti-malaria Operations in Delhi: The anti-malaria opera- 
tions in Delhi urban area can be reviewed in two phases, namely, (i) 
the period between 1936 and 1940, and (ii) the period during the war 
from 1941 to 1946. 


_ Phase I: In June 1936, the Government of India decided that an . 
attempt should be made to improve the malaria control in Delhi urban 
area then extending over approximately 50 square miles. The policy 
adopted was to bring into effect such temporary measures as were consi- 
dered necessary for the control of mosquito breeding as rapidly as 
possible and at the same time to prepare and examine projects for the 
requisite permanent anti-malaria engineering measures as funds became 
available. A list of such projects was prepared by expert engineers, and 
a number of these were completed at a cost of about rupees 25 lakhs. 
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_ The essential features of these anti-malaria operations were (a). 
vesting the responsibility and direction of the measures in the whole 
area under one authority, i.e., the Director, Malaria Institute of India; 
(b) provision of an independent checking organisation directly under 
his charge; and (c) the introduction of an adequate and comprehensive 
anti-malaria legislation similar to that in the city of Bombay. 


_ The chief method of control of malaria was the recurrent use of 
larvicides, levelling and minor drainage works and spraying of pyrethrum 
solution in selected malarious localities in Delhi (for the first time in 
India). The experiment proved so successful that this method of using 
the insecticide opened a new method of attack that was full of promising 
results. The end of this period (1936 to 1940) set the anti-malaria 
operations on a well organised basis, with solid results. Though the 
cost of the permanent anti-malaria works was high, it has been many 
times recovered in the form of amelioration of unhealthy conditions 
and enhanced value of landed property. 


. Phase ll: Routine measures indicated in the previous section were 
followed up during this period also. The year 1942, however, was an 
epidemic year in the Indo-Gangetic plains and a year of supreme test for 


the efficiency of the existing organisation in Delhi. The abnormal 
features of this year were :— 


(a) Unusually “heavy excessive rains and river flooding. 

-(b) A huge influx of population consisting of both civilians from adjoin- 
ing uncontrolled areas as a result of river-floods and troops with 
malarial infections returning from countries in the eastern theatre 
of war, thus bringing about conditions typical of tropical aggrega- 
tion of labour. 

(c) Short supply of anti-malaria stores and drugs due to sudden stoppage 
of supplies of quinine and pyrethrum from Java and Japan 
respectively. 

(d) A great increase of excavations in the shape of slit trenches and 


borrow-pits due to air-raid precautionary measure and erection 
of new buildings respectively. 


That the epidemic was in fullswing during the year was specially 
evident from the great increase in morbidity and mortality figures in the 
areas adjoining Delhi. Despite all the above mentioned handicaps, the 
incidence of malaria was kept under check in Delhi, the chief measure, 
employed to prevent the spread of the disease, being the use of pyrethrum 
for spray-killing of adult mosquitoes. 


A notable feature during these years was that the anti-malaria 
organisations of both the defence services and the civilian public health 
authorities worked in the closest collaboration. In fact, the funds for 
the control of malaria in troops stationed in the Kingsway Camp in 1941 
were placed at the disposal of the Director, Malaria Institute of India. 
Shortly thereafter, the army, navy and air force personnel were stationed 
in various camps in and around Delhi, and consequently as many as 
three anti-malaria units, each under the command of a medical officer 
specially trained at the institute, were detailed. Each unit had a total 
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personnel of 75 and was fully equipped with material, appliances and 
transport. It was as a result of the combined efforts that the 1942 
epidemic, which caused havoc in the surrounding uncontrolled areas, 
was effectively checked. In the post-epidemic years of 1943 and 1944, 
the control measures were further strengthened by the use of DDT, 
a powerful insecticide with ‘prolonged toxic effect. In 1945, DDT 
was sprayed from air by aircraft specially fitted with necessary equipment 
over many square miles of the low-lying riverain sector. 

The total population in Delhi urban area, including the army 
personnel, increased from about 4,64,000 in 1933 to 10,50,000 in 1942. 
Despite a tremendous increase in the population, the malaria incidence, 
as indicated in Table I, decreased progressively. 


TABLE Í 


Total cost and cost per capita on anti-malaria campaign and the malaria 
incidence per 1,000 population—Delht urban area—1939 to 1946, 


dap eee AAA 





Malaria 

Year Total expen- Total Cost incidence per 

diture population per capita 1,000 popula- 

tion 
Ee es S| ee A A: R E a 

1939-40 63,200 | 5,08,000 | 0-2-0 62-1 
1940—41 69.900 6,43,000 0-1-9 65:4 
1941-42 71,500 |  6,64,200 0-1-8 43:2 
1942-43 74,200 | 10,00,000 0-12 92:5 
1943-44 1,82,400 10,50,000 0-2-9 720 
1944-45 1,92,300 10,50,000 0-2-11 36:0 
1945-46 248,400 10,50,000 0-3-9 | 30:9 
1946-47 3,00,700 10,50,000 0-45 | 26:6 


ANTI-MALARIA OPERATIONS IN JAMNAGAR 


There was aninflux of large number of Polish refugees, and a camp 
for thousands of children was established at Balachadi, Jamnagar State. 
Within a very short period of their arrival in the camp, malaria occurred 
in an epidemic form in August-September 1942. An investigation unit 
was detailed from the institute soon after. An anti-malaria organisation 
was set up and its work for the following two to three years was co-ordina- 
ted from Delhi. By continuous supervision, it was ensured that the meas- 
ures recommended were effectively carried out with consequential 
satisfactory results. 


Me 


ANTI-MALARIA OPERATIONS IN COALFIELDS 


l Increased output of coal was recognised as an essential war effort 
in 1943, and it was also conceded that, for the industrial development 
of the country, the labour engaged in the coal mining industry must be 
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protected from the ravages of malaria. Accordingly, in 1944, the 


Malaria Institute of India was asked to . 
. undertake mala 
measures in the coalfields in India. ria control 


_ In view of the urgency of the situation and the inevitable delay in 
setting up an efficient civil organisation, it was decided to start work in 
the larger coalfields in 1944 with the aid of army anti-malaria units. 
One unit each was detailed to Jharia, Raniganj and Pench Valley coal- 
fields. The civil organisation under the Malaria Institute of India 


began to function in the coalfields of Tharia, Ranigani. Pench V 
Margherita from 1 December 9455 gan], Pench Valley and 


_ The control measures employed in the coalfields were recurrent 
anti-mosquito measures involving the use of insecticides for the destruction 
of adult mosquitoes, and of larvicides for killing their aquatic forms. 
Minor engineering works, such as drainage, levelling, clean-weeding 
of tanks, etc., were also undertaken wherever economically feasible. 


On account of the constantly shifting nature of the mining industry, 
control measures in the coalfields had been confined to recurrent measures. 
Engineering works of a permanent nature like drainage had to be postpon- 


ed till townships and residential areas for large groups of miners were 
established. 


In the course of two years’ work, the reduction in the incidence 
of malaria in some of the bigger coalfields ranged from 24 to 57 per cent. . 
The reduction in the spleen rates was particularly significant, especially 
when it is taken into consideration that the control measures had been 
in operation only for a relatively short period. The rates of malaria 
morbidity also showed a similar downward trend. These results were 
achieved in spite of the fact that a large proportion of the cases were 
amongst imported labourers, particularly those recruited from Gorakh- 
pur, Bilaspur and other malarious areas. 


In the opinion of the Chief Sanitary Officer, Raniganj Mines Board 
of Health, ‘‘ available statistics of malaria morbidity have shown a 
steady decline in Raniganj coalfields since 1944. This reduction is more 
real than apparent as no such corresponding reduction is manifest in 
the rural areas in the neighbourhood. ” 


Notable work on control of malaria was carried out in a number of places in India, 
like Panagarh and Kangra Valley. 


Panagarh (3 Reserve Base) Project: Panagarh, one of the largest advance base area in India 
for the Burma Campaign, was highly malarious prior to control measures. In view of the 
strategic importance of this area and large troop-concentration, very extenstve anti-malaria 
campaign had been undertaken. The programme consisted initially of engineering project, 
perhaps the largest for any static camp like this, and other anti-larval measures, followed there- 
after by both anti-larval and anti-adult measures. The operation was such a success that 
almost within a year not only malaria was stamped out but mosquito nuisance was eliminated 


to a very large extent. - E 

Kangra Valley: During the survey of Kangra Valley, it was noticed that a few streams 
were Et Baler free Son mosquito larvae, ale at the same height and identical condi- 
tions mosquito larvae were breeding in other streams. After a very careful investigation, no 
cause could be found except the presence of fish which was iden tified as Schizothorax progastus 
and found to be a larvivorous fish. [(Raina, 1945), Ind. med. Gaz., 80, 273]. In the same 
area, a large tract of marshy land was turned into grazing ground by a network of 
“sub-drainage”. 
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Notes on the Distribution, Breeding Places, Adult Habits 
and Relation to Malaria of the Anopheline Mosquitoes 
of India and the Far East’ 


By 


- MAJOR-GENERAL Sir, KT. G. COVELL, C.I.E., M.D., D.P.H,, 
D.T.M. & H., 1.M.S. 


A critical review of the data recorded regarding the transmission 
of malaria by the different species of Anopheles, with notes on their 
distribution, breeding places, adult habits and relation to malaria, was 
published by Covell (1927b). The information contained in this memoir 
was brought up-to-date in a later article (Covell, 1931). During the 13 
years, which have since elapsed, a large amount of additional data has 
accumulated. Pressure of other work has prevented Covell from 
producing an up-to-date edition of the original memoir, which related 
to all the known species and varieties of Anopheles throughout the world. 
The present article deals only with those species, recorded in India and the 
Far East, which have either been found naturally infected with malaria 
parasites or have been suspected to be vectors of malaria on epidemiologi- 
cal grounds. It is felt that the presentation of up-to-date information 
on these species may be useful to those who are concerned with the control 
of malaria under war-time conditions in this region. 


The area dealt with includes India, Burma, Thailand, Indo-China, 
Southern China, Formosa, the Andaman and Nicobar Islands, Malaya, 
the East Indian Archipelago, Northern Australia and certain of 
the South-West Pacific Islands. The East Indian Archipelago includes 
the Great Sunda Islands (Sumatra, Java, Borneo, Celebes, Banka, 
Billiton), the Little Sunda Islands (Bali, Lombok, Sumbawa, Flores, 
Sumba, Timor), the Moluccas, New Guinea and the Philippine Islands. 
The South-West Pacific Islands referred to are New Britain, New Ireland, 
the Admiralty Islands, the Solomon Islands and the New Hebrides. 


As a general rule the mosquitoes of the East Indies may be differen- 
tiated into Asiatic and Australian forms, the line of demarcation passing 
between Celebes and the Moluccas to the north and between Roma and 
Damar Islands to the south (vide map). This rule is not, however, 
absolute, for bancrofti, a typically Australian species, has recently been 
reported on the west coast of Celebes. 

More than 100 species or varieties of Anopheles have been described 
from these regions, but the majority have never been suspected to be 
malaria carriers, and only 41 are included in the present review. Of 
these, 12 are classed as vectors of major importance and a further 16 


‘Covell, G. (1944). J. Mal. Inst. Ind., 5, 399-434. 
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of local importance in certain areas. The remaining 13 probably play 
little or no part in the transmission of malaria in nature. 


Among the species, listed below as vectors of major importance, 
there are two groups which have particularly affected the conduct of 
military operations during the present war: (1) the fluvtatilis-minimus 
group which is responsible for the intense malaria prevailing throughout 
the foot-hill tracts of India and the northern sector of the Far East from 
Burma to Southern China, and (ii) punctulatus and its variety moluccensis 
which play a similar role in New Guinea and the South-West Pacific 
Islands wherever the disease is rife. 














Important malaria Of local importance Probably of no 
Carriers in certain areas practical importance 
Culicifacies aconitus amictus 
Jluviatilis annularis annulipes 
maculatus bancrofti baezat 
minimus | barbirostris jeyporiensis 
minimus var. flavirostris | hyrcanus var. nigerrimus | karwart 
Philippinensis hyrcanus var. sinensis mang yanus 
punctulatus hyrcanus X pallidus 
punctulatus var. Jeyporiensis var.candidiensis| pulcherrimus 
moluccensis kochi ramsayi 
stephensi leucosphyrus | separatus 
sundaicus novumbrosus splendidus 
Superpicius pattoni subpictus 
umbrosus stephensi var. mysorensis | vagus 
subpictus var. indefinitus 
tessellatus 


| 


! varuna | 





ia 


The present study has served to emphasise certain gaps in the know- 
ledge of malaria vectors of this region. In particular, further intensive 
research is urgently required as to the day-time resting places, time of 
biting, preferential feeding habits and effective flight range of the different 
anophelines concerned. It is known that certain species include two or 
more distinct biological races, which though morphologically indistingul- 
shable, differ widely in their habits and consequently in their effective- 
ness as transmitters of malaria. It is most important that this aspect of 
the problem should be thoroughly investigated throughout the area 
under review. 

Of the numerous publications, which have been consulted in compil- 
ing these notes, the following have proved particularly useful: Keys to 
the anopheline mosquitoes of the world (Russell, Rozeboom and Stone, 1943); 
The geographical distribution of the malarta-carrying mosquitoes (Kumm, 
1929); and Mosquito intermediary hosts of disease in Australia and New Guinea 
(Taylor, 1943). | 

The various species have been arranged in the text in alphabetical 
order, as in the original memoir. 
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aconitus DONITZ, 1902 


Distribution: India (Assam, Bengal, Bihar, Central Provinces, 
Hyderabad, Konkan, Madras Coast North, Malabar, Mysore State, 
Orissa, United Provinces); Ceylon; Andamans; Burma ; Thailand; 
Indo-China; Malaya; Sumatra; Java; Bali; Sumba; Borneo; Celebes. 


Breeding Places: Irrigation channels, swamps, ponds, ricefields 
(especially just before harvesting the crop and in fallow-fields), pools 
in creeks and river-beds, roadside drains and tanks with grassy margins. 
Hacker (1920) classed this species among the swamp fauna, and found 


the larvae most often in association with those of barbirostris, hyrcanus 
and annularis. 


_ Adult Habits: Adults are found in houses, cowsheds and outdoor 
resting places. Barber (1918) stated that in Malaya they were often 
found in houses, readily took blood (presumably human) and were 
apparently capable of long flight, since they were to be found at consider- 
able distances from their breeding places. Ave Lallemant, Soerono and 
Stoker (1932) showed that in the Dutch East Indies aconitus could cover 
a distance of nearly 1,000 yards. Venhuis (1942a) noted that in Java 
the adults were often found on stream banks in far greater numbers than 
in houses. Gaschen and Raynal (1937) in Tonkin, where cattle were 
very abundant, recorded 94-2 per cent. with animal blood in series of 
precipitin tests. Walch (1932) in the Dutch East Indies, where cattle 
were in normal numbers, found 12 per cent. with human blood (out of 
229), but where cattle were scarce the percentage with human blood was 
61 (out of 137). 


Relation to Malaria : This species has been found infected in India, 

- Indo-China, Malaya and the Dutch East Indies. In India, Das (1943) 
found 2 specimens infected (1 gut, 1 gut plus gland) out of 24 dissected 
at Chandpur, East Bengal, and concluded that it was a carrier of first 
importance in this area. Natural infections have also been recorded 
in the Jaipur Hills, 1 gut infection out of 107 dissected (Senior White, 
1937) and in the Orissa coastal plain, 3 gut and 2 gland infections out of 
951 (Senior White, Adhikari, Ramakrishna and Roy, 1943). Viswanathan, 
Das and Oommen (1941) recorded 1 gut infection out of 1,145 dissected 
in an area (Lakhimpur, Goalpara District) in Assam where annularis 
is considered to be the chief vector. These are apparently the only 
records of natural infection of aconitus published in India, and the 
species is probably of little importance as a malaria carrier in this country. 
In Burma, Feegrade (1924b) recorded a single gut infection out of 58- 
dissected at Akyab. In Indo-China it is looked upon as a vector of 
secondary importance (Toumanoff, 1936). ‘The only occasion, on which 
gland infections have been recorded in that country, was during an epide- 
mic atHa-Tri in the Tonkin Delta, 2 specimens out of 67 dissected (Genev- 
ray, Toumanoff and Try, 1937). Very few infections have been recor- 
ded in Malaya. Stanton (1914) reported 3 out of 78 albirostris, without 
stating whether they were gut or gland infections, whilst Gater (1927) re- 
corded 2 gut infections out of 192 dissected at Petaling. It is only in the 
Dutch East Indies that aconitus appears to be a vector of real importance. 


380° * PREVENTIVE MEDICINE 


Infection rates recorded in Western Java range from 2-9 to 17°8 per cent., 
and here it may be almost as important a carrier as sundaicus especially 
along the coast. In Lamongan Residency in the Solo Valley an infection 
rate of 43 per cent. is said to have been reported, but details as to numbers 
dissected are not available. Smalt (1937) recorded an infection rate of 
7 per cent. in Bali, and infections have also been reported in Sumba and 
in Minahassa, Celebes. In Sumatra, aconitus has been found infected 
only in Tapanoeli (West Sumatra) and Djepara (South Sumatra). 
Doorenbos (1931) published records of 3,032 dissections in East Sumatra, 
with an infection rate of only 0-2 per cent. 

It appears probable that these variations in the effectiveness of 
aconitus as a malaria carrier in the Dutch East Indies are related to its’ 
zoophilic tendencies, for it appears to feed on man only in areas where 
cattle are scarce. If it is present continuously and in great numbers in 
such areas hyperendemic conditions may result. 


amictus EDWARDS, 1921 


Distribution: Dutch New Guinea, Australia (Queensland, Northern 
Territory, North-West Australia). 


Breeding Places: In North Queensland there are two distinct varieties 
with different breeding preferences. The type-form breeds in fresh 
water in association with annulipes and punctulatus var. moluccensis; var. 
hilli breeds in open brackish water collections in association with moluc- 
censis. In the laboratory larvae will develop in 80 per cent. sea-water. 


Adult Habits: The adults enter houses and attack man. 


Relation to Malaria: Roberts (1943, unpublished) dissected 79 
specimens of var. killi at a late stage of an epidemic among the civil 
population of Cairns, North Queensland, and found 1 gland infection 
(1-3 per cent.). The chief vector in this epidemic was punctulatus var. 
moluccensis. A. amictus is considered to be potentially dangerous under 
locally favourable conditions. 


annularis VAN DER WULP, 1884 


Distribution: India (widely distributed throughout, chiefly in the 
plains, but also in the hills up to 7,000 feet); Ceylon; Burma; Thailand; 
Indo-China; Southern China; Formosa; Malaya; Sumatra; Java; 
Borneo; Little Sunda Islands; Philippine Islands. 


Breeding Places: Predominantly still waters, associated with floating 
vegetation and filamentous algal growth: water in slow movement, 
though certainly not inimical, is not favoured (Senior White, Adhikari, 
Ramakrishna and Roy, 1943). Larvae are chiefly found in tanks, 
swamps, ricefields and borrow-pits. Borel (1926) in Indo-China observ- 
ed them in tree-holes and cut-bamboos, whilst Waich and Soesilo (1927) 
recorded them in saline water in Java. 


Adult Habits: The adults are found in great numbers in cattle- 
sheds, but are also frequently taken in houses. Senior White, Adhikari, 
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Ramakrishna and Roy (1943) noted that in Orissa they show i 

l edani - 
ing tendency to enter housesin November. Their life is greatly sae pee 
in the autumn, thus increasing their chances of a double contact with man. 
They are said to be able to fly great distances. Gill (1914) noted that 
they were active and bit freely at temperatures as low as 54° F. 

are markedly zoophilic. Ramsay, Chandra and Lamprell (1936) 
recorded 1-6 per cent. with human blood out of 192 subjected to the preci- 


pitin test, Fourteen gave no result and the remainder contained animal 
blood only. . 


Relation to Malaria: This species was found naturally infected 

Adie (1903) at Ferozepore, Punjab (1 gland infection out of 148 cd 
but 1t 1s not conside red to play any part of importance in the transmission 
of malaria in this part of India. It is, however, a vector of some impor- 
tance in Orissa and Bengal, and is considered to be the principal 
malaria carrier in the Orissa coastal plain by Senior White, Adhikari, 
Ramakrishna and Roy (1943), who dissected 9,183 specimens and found 
14 guts (0:15 per cent.) and 7 glands (0°08 per cent.) infected. Senior 
White (1943) also recorded 1 gut infection out of 1,030 dissected in the 
Hazaribagh Ranges. In Birbhum District, Bengal, Timbres (1935) 
dissected 49,698 annularis, of which 8 had sporozoites in the salivary 
glands (0-02 per cent.). Covell and Pritam Singh (1942) recorded 1 
gut infection out of 20,844 dissected in the vicinity of the Chilka Lake, 
Orissa, whilst in the same area Senior White and Adhikari (1939) dissect- 
ed 1,048, with 3 gut infections. In Assam, Viswanathan, Dass and 
Oommen (1941) reported 20,043 dissections of this species, of which 11 
showed natural infection (7 glands, 4 guts.) These infections were all 
encountered during 1940-41, when 7,481 specimens were dissected (infec- 
tion rate 0°15 per cent.). All the infected specimens were from a locality 
in Goalpara District where minimus was very rare, and it was noted that 
annularis was apparently the sole vector. 


Outside India, natural infections of this species have been recorded 
in Burma, Southern China, Malaya and the Dutch East Indies. In 
Burma, infected specimens were reported in Katha, Kyaukpyu and 
Akyab by Feegrade (1924a, 1924b) and Lalor (1912, 1913). In Southern 
China, Robertson (1940) recorded 6 infections out of 380 dissected in 
Yunnan, in a region where minimus is the principal vector. This is 
apparently the only record of natural infection in annularis in that country. 
In Malaya the sole record of infection seems to be that of Stanton (1914), 
1 gut out of 23 dissected, and this species is not considered of any impor- 
tance as a carrier there.. In the Dutch East Indies, Swellengrebel and 
Swellengrebel-de-Graaf (1920) reported 2 gut infections out of 691 dissec- 
tions and noted that in a region of severe malaria in Java this species and 
sinensis were the only two found infected, although acontius and macu 
were also present. No further infections of annularis appear to have been 
recorded from the East Indies during the past 25 years, and it is not 
considered to be a vector of any practical importance in this region. 


2 A specimen of annularis with sporozoites in the salivary glands had since been encountered 
at Kespur, Chilka Lake by Senior White. j 
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annulipes WALKER, 1856 


Distribution: Australia (dry inland districts, coastal areas and in 
mountains up to an elevation of 5,000 feet); Tasmania; Port Moresb A 
New Guinea; reported, perhaps incorrectly, from New Hebrides (Russel, 
Rozeboom and Stone, 1943), 

Breeding Places: Shallow grassy pools, among vegetation on the edges 
of marshes, slow running creeks, surface wells, rock-pools and occasionally 
brackish water (Cooling, 1924). It breeds in all clean or muddy, but 
not foul, ground water, casual or permanent, along the grass-grown 
banks of creeks or rivers, etc. (Taylor, 1943). | 

Adult Habits: This species will bite at any time of the day, in secluded 
spots, or at night (most freely at sunset and for about two hours after). 
Adults enter houses quite freely (Taylor, 1943). 


Relation to Malaria: Considered to be a vector in Australia on epide- 
miological grounds (Breinl and Taylor, 1918), and is listed among species 
which are potentially dangerous under locally favourable conditions. 
It has been associated with small local outbreaks of benign tertian malaria 
on the Australian mainland in places where it has been the only anopheline 
species present. 


baezai GATER, 1933 


Distribution: Malaya, Indo-China (Farinaud, 1938). 


Breeding Places: Brackish water, in stagnant pools and swamps 
under shade along the coast. As compared with sundaicus it prefers shade, 
whilst the latter favours sunlit-breeding places. 


Relation to Malaria: Kingsbury (1939), referring to trap-catches in 
the vicinity of Kuala Lumpur, states: ‘‘ Most of the mosquitoes caught 
were dissected, but the only one infected was one baezai which showed 
apparently degenerated sporozoites in the salivary glands.” This appears 
to be the only record of natural infection of this species, but it has been 
suspected to be a vector on epidemiological grounds. 


bancrofti GILES, 1902 


Distribution: New Guinea (interior and south coast); Australia 
(Queensland, Northern Australia); Eastern Moluccas; Celebes (West 
Coast). 


Breeding Places: Shaded pools, along the grass-grown banks of slowly- 

908) creeks and rivers; also in pot-holes in creeks and rivers (Taylor, 
43). o 

Adult Habits: The adults rarely frequent houses (Hill, 1925). The 
Cairns race scarcely feeds on man at all in nature, whilst the same 
species from the northern territory is one of the fiercest biters and gree- 
diest feeders of all the Australasian mosquitoes. Precipitin tests of 
blood meals in a small series from Merauke, Dutch New Guinea, showed 
62 per cent. as having fed on man, but these were all caught in houses 
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(Heydon, unpublished). It is considered that even this race is not highly 
anthropophilous, and that it feeds on man rather by chance contact 
than by deliberately seeking him. 


Relation to Malaria: This species is said to be a vector in New Guinea. 
de Rook recorded a natural infection rate of 4:3 per cent. among speci- 


mens caught at Tana Merah in that Island (Swellengrebel and Roden- 
waldt, 1932). 


barbirostris VAN DER WULP, 1884 


Distribution: India (widely distributed, except in the extreme 
north-west); Ceylon; Burma; Thailand; Indo-China; Southern China; 
Malaya; Sumatra; Java; Borneo; Celebes; Little Sunda Islands; Philip- 
pine Islands; New Guinea. . 


Breeding Places: Shady pools containing vegetation, tanks, borrow- 
pits, ricefields, swamps and slow-flowing streams. Hacker (1920) 
classed this species amongst the swamp fauna, its most frequent associate 
being hyrcanus. Covell (1927a) recorded the larvae in the Andamans in 
a salt water swamp, and in a disused well, in the latter case accompanied 
by those of leucosphyrus. 


Adult Habits: The adults will bite in the shade out of doors in the 
day-time. As a rule they are rarely found in houses, but Banks (1907) 
noted that on one occasion in the Philippines large numbers were obser- 
ved in huts, during an epidemic of malaria, among clothing. According 
to Toumanoff (1936), this species feeds by preference on animal blood 
but is more anthropophilic than sinensis, vagus and subpictus. Venhuis 
(1939) believes that there is a great difference between the habits of the . 
type-form and the variety vana, the former being markedly zoophilous, 
whilst the variety feeds on man.’ 


Relation to Malaria; This species has never been found naturally 
infected in India, but infections have been recorded both in Malaya 
and in the Dutch East Indies. In Malaya, Hacker (1923) reported 5 
infections out of 103 dissected near Birnam river, North Selangor. The 
final results (unpublished) were 7 gut and 3 gland infections out of 133. 
Williamson (1926) dissected 89 with 1 gut infection at Krian, North 
Perak, and Hodgkin (1934; 1935} reported 2 individual infections, one 
in Kinta and the other on the Selangor coast. Later, Hodgkin and 
Johnston (1935) incriminated barbirostris as the chief agent in the mainte- 
nance of endemic malaria at Batu Gajah, Perak, where there was a dense 
human population, large numbers of mosquitoes and relatively few 
domestic animals. Jn 1933, out of 914 dissected, 15 gut and 11 gland 
infections were recorded (2°8 per cent.); in 1934, out of 667 dissected 
there were 3 gut and 4 gland infections (1:05 per cent.). The only 
other infections in this locality were hyrcanus var. nigerrimus and hyrcanus 
var. sinensis (1 gut infection only, in each case), whilst about | ,000 
specimens of aconitus were dissected with negative results. A. barbirostris 
was also held responsible for outbreaks at Krian, North Perak, and 


SThe name vanus was originally given by Walker in 1860 to an anopheline from Celebes 
which is usually considered to be barbirostris, or possibly one of varieties of hyrcanus. 
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Butterworth, Province Wellesley. Subsequently, Hodgkin (1938b) 
ublished records of 2,860 dissections over two years in a village on the 

clue Selaneny Road. He pointed out that though only 15 were found 

infected, this would represent one infective bite every second month. 


In Sumatra, Dutch East Indies, Swellengrebel and Rodenwaldt 
(1932) recorded 3 infections observed in 544 specimens of barbirostris 
dissected by Swellengrebel and his colleagues, and 1 out of 277 by 
Doorenbos. In 1938 a high natural infectivity rate was recorded in 
this species at Wonoredjo, Celebes (Venhuis, 1939). This was thought 
to be not the type-form, but variety vana, as noted above. The figures 
in 3 sets of dissections were: 





Se 





Number | Number Infected 
Set number | dissected 9 _————— | Percentage 
Glands ` | Total 
1 517 | 29 68 | 13°15 
2 524 6 58 11-07 
3 242 | 0 4 1-65 
Total 1,283 | 28 | 130 | 10-13 





Y 
These figures are far higher than any others recorded and indi- 
cate that in the Celebes berbirostris vana must be a vector of very great 
local importance. 


culicifacies GILES, 1901 


Distribution: India (widely distributed throughout, extending also 
to South Arabia); Geylon; Burma; Thailand; Indo-China (Annam, Laos, 
Tonkin); China (Lahati, Yunnan). Toumanoff (1936) found this species 
at Do-Luong, province of Vinh, North Annam, and stated that previous 
to this the furthest easterly record was that of Barnes (1923) at Chieng- 
mai, Thailand. A. culicifacies has never been recorded in Malaya or East 
Indies, nor is it present in the Andamans or Nicobars. 


Breeding Places: Usually in fresh clean water, irrigation channels, 
sluggish streams, often with sandy margins and little vegetation, sheets 
of fresh rain-water, ricefields (whilst the plants are small, and ïn fallow- 
fields), borrow-pits, shallow wells, pools in river-beds, ornamental waters 
and swimming pools, occasionally in brackish water (Chalam, 1926). 


Adult Habits: Rests in cowsheds and houses, bites man freely, but 
the anthropophilic index is usually a low one. Afridi, Jaswant Singh 
and Harwant Singh (1939) in Delhi recorded precipitin tests of 4,172 
positive specimens in 1937, of which 75 (1:80 per cent.) contained human 
blood, and of 854 positive specimens in 1938 in which 8 (0:93 per cent.) 
contained human blood. These observations were carried out during 
an inter-epidemic period. Covell and Jaswant Singh (1943) recorded 
an anthropophilic index of 22:3 per cent. out of 547 positive tests carried 
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out in the same area during an epidemic year. They suggested that 


culicifacies probably feeds on human and bovine blood indifferently; 
that in normal years in Delhi Province it exists under almost exclusively 
rural conditions, where it has greater opportunities for feeding on cattle 
than on man, and where the cattle byres provide attractive resting places; 


whereas in epidemic years, when conditions not only for its production 
in large numbers but also for its longevity and general activity are excep- 
tionally favourable, its range of infiltration 


: F into urban areas is greatly 
increased. Under such conditions the cattle to man ratio is considerably 


reduced and this may explain the higher anthropophilic index. Barber 
and Rice (1938) found 1-9 per cent. with human blood out of 730 positive 
specimens caught at Poona. The human positive percentage before the 
rains was 3:4: after the rains had setin,0:3. At Pattukkottai, Madras 
Presidency, Russell, Menon and Rao (1938) recorded the results of 394 
positive precipitin tests of this species, of which only 1 contained human 
blood. In the following year, however, in a limited series of 70 positive 
tests in the same area there were 56 (80 per cent.) with human blood 
(Russell and Jacob, 1939). They noted that this exceptionally high rate 
for culicifacies may have been due to a relative absence of cattle. Ramsay, 
Chandra and Lamprell (1936) in a small series of tests in Assam found 9 
with human and 10 with cattle blood out of 19 positive specimens. 


The effective flight range is normally about half a mile, but may 
extend to one mile when climatic conditions are exceptionally favourable. 


Relation to Malaria: A. culicifacies is the most important vector of 
the plains of peninsular and North-Western India, and is particularly 
notorious as the causative agent of regional malaria epidemics of great 
severity and wide range. In North-Western India these epidemics are 
particularly associated with extensive flooding and occur in years of high 
rainfall. In Ceylon, on the other hand, where this species is the only 
vector of any importance, they occur in years of drought when the river- 
beds instead of being filled with water during the monsoon are converted 
into a series of pools with a sluggish stream flowing down the centre 
forming ideal breeding places for the production of culicifacies in enormous 
numbers. Senior White (1940) considers that this species is not a vector 
OÍ primary importance in the north Gangetic plain, in the Satpura 
and Chota Nagpur Ranges, the Jaipur Hill tracts and the eastern coastal 
plain north of Godavari. 


Russell and Rao (1940) dissected 13,156 specimens at Pattukkottaz, 
Madras Presidency, with an infection rate of 0-11 per cent. They pointed 
out that in spite of this low figure it was able to maintain average endemic 
spleen and parasite indices of over 40 and 30 per cent. respectively, 
and questioned the validity of Senior White’s conclusion that it plays 
no part of importance in the transmission of malaria in the Singhbhum 
and Jaipur Hills. . 

Though the infection rate in culicifacies is usually so low, much higher 
figures have been recorded during epidemics. Thus, Covell and Baily 
(1932) reported sporozoite and total infection rates of 11-7 and 245 
per cent, out of 649 specimens dissected during a regional epidemic in 
Sind, whilst at one time at the height of the epidemic a sporozoite rate 
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of 30 per cent. was recorded out of 50 specimens caught in human 
habitations. Thisis in accordance with what one would expect from the 
trend of the precipitin results cited above. 

In Assam and Burma, culicifacies appears to play little part in the 
transmission of malaria, the sporozoite and the oocyst rate being 0-4 
per cent. in each case out of a total of 1,672 specimens dissected in these 
areas (Senior White, 1940). 

Although the species extends through Burma to Thailand, Indo- 
China and Southern China, it is nowhere found in large numbers in these 
countries and is not considered to be a vector of any importance. The 
discovery of a single specimen with 2 oocysts in the gut at Lahati, Yunnan 
has, however, led Gaschen (1934) to suspect that 1t may be responsible 

“for some of the malaria in that province and in North ‘Tonkin. 


fluviatilis james, 1902 


Distribution: India (widely distributed throughout); Ceylon, 
Burma, Thailand, Indo-China [according to Russell, Rozeboom and 
Stone (1943) but not listed by Toumanoff (1936)], Hong Kong (Burke, 
1937). Occurs also in Turkestan, Iraq and Bahrein Islands, Persian 
Gulf. According to Stanton (1914), this species (listoni) was recorded 
from Formosa by Miyajama and Kinoshita; Secrete (1916) alluded 
to it as a common species in the district of Toeucho, but Koidzumi 
(1923) did not include it in his list of the anophelines of Formosa, and it 
seems possible that the early records really related to minimus. 


Breeding Places: Foot-hill streams with grassy margins, springs, 
irrigation channels: sometimes in ricefields and at the edges of swamps, 
lakes and tanks. Not commonly found below 1,000 feet or above 5,000 
feet altitude in Southern India: occasionally higher elsewhere (Russell, 
Rozeboom and Stone, 1943). Covell and Harbhagwan (1939) des- 
cribe this species as a clean water breeder, normally found in channels 
or streams with grassy edges and a moderate current, but making use 
of shallow wells in the monsoon season when these breeding places are 
washed out by heavy rains. In the Wynaad, Southern India, it was 
` noted that the breeding places were invariably located in the immediate 
vicinity of human dwellings. Adisubramaniam and Vedamanikkam 
(1943), confirming this observation, concluded that anti-larval measures 
in respect of this species could be limited to within 1,500 feet of habitations. 
Though it prefers sunlit-breeding places, larvae are also found in waters 
partially shaded. 


~ Adult Habits: This species comprises at least two biological races, 
which differ markedly as regards their preferential feeding tendencies, 
although no morphological characteristics have yet been demonstrated 
by which they can be distinguished. The Southern India race is strongly 
anthropophilic; out of 1,681 specimens from the Wynaad, which gave 
positive reactions, 97 per cent. contained human blood, whilst the percent- 
age of human positive reactions among other species caught in the same 
houses during the same period was less than 5 per cent. (Covell and 
Harbhagwan, 1939). Jaswant Singh and Jacob (1944) reported 64 
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per cent. with human blood out of 88 positive tests on s cimens from 
North Kanara. On the other hand, aa of 350 PN Bazpur, 
in the foot-hills of the United Provinces, only 1:4 per cent. contained 
human blood. In this area the local race of fluviatilis feeds almost exclu- 
sively on cattle, Barber and Rice (1938) recorded an anthropophilic 
index of 4-6 per cent. out of 62 positive tests. 


The domestic habits of the Southern India race are illustrated by 
the observations of Measham and Chowdhury (1934) who collected only 4 
specimens in cowsheds as compared with 199 caught in human dwellings. 


Viswanathan and Rao (1943) observed that in North Kanara 
females of fluviatilis entered houses for feeding almost exclusively during 
the first quarter of the night, that most of them took their blood meal 
before midnight, and that feeding might commence within 13 hours after 
dusk had set in. The same observers showed that a high proportion of 
this species rests outdoors during the day-time notably under stream 
banks (Viswanathan, Rao and Rao, 1944). Senior White (1941), . 
using a human-baited trap-net in the Satpura Ranges, noted that this 
species was attempting to feed at 2 a.m. Perry (1914) observed the 
adults biting during the day-time in the Jaipur Hill tract. 

Relation to Malaria: The Southern India race is one of the most effi- 
cient vectors known, and very high infectivity rates have been recorded 
on many occasions, Covell and Harbhagwan (1939) in the Wynaad 
dissected 2,781 specimens, of which 562 were infected (oocyst rate 16 
per cent., sporozoite rate 7*6 per cent., total infectivity rate 20-2 per cent.). 
Out of 1,303 dissected during May, the oocyst rate was 22-8 per cent. 
the sporozoite rate 10-1 per cent. and the total infectivity rate 26:3 per 
cent. Measham and Chowdhury (1934) also recorded high rates from 
the Annamalai Hills, where the percentage of infections in April was 
12-2; and Mathew (1939) reported an oocyst rate of 23-7 per cent. and 
a sporozoite rate of 12 per cent. out of 2,602 dissections in Travancore, 
South India. Jaswant Singh and Jacob (1944) dissected 897 specimens in 
North Kanara with a sporozoite rate of 7:1 per cent. (total infection 
rate 11 per cent.). Senior White and his colleagues have shown this 
species to be a vector in the Singhbhum and Jaipur Hills, and in the Sat- 
pura Ranges. 


The only published records of natural infection of fluviatilis in North 
India appear to be those of Robertson (1910) at Saharanpur, United 
Provinces, who gave no details of his dissections, and Macdonald and 
Majid (1931) who reported 2 specimens with gut infections out of 23 
dissected at Karnal. Clyde (1931) dissected 460 at Banbassa, in the 
foot-hills of the United Provinces, an intensely malarious tract, with 
negative results and it is probable that the northern race is of little, if any, 
importance as a vector. A. fluviatilis is not considered to be a malaria 
carrier in any area east of peninsular India. 


hyrcanus var. nigerrimus GILES, 1900 


Distribution: India (widely distributed _ throughout); Ceylon; 
Burma; Thailand; Indo-China; Southern China; Malaya; Sumatra; 
Java, Borneo; Celebes; Philippine Islands. 
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Breeding Places: Ricefields, swamps, tanks with much vegetation, 
borrow-pits, and along the edges of slow-moving streams. 


Adult Habits: Adults are rarely found in houses, more often in cattle- 
sheds. They will bite man out of doors in the evening and in the shade 
during the day. Ramsay, Chandra and Lamprell (1936) recorded an 
anthropophilic index of 3'8 per cent. out of 453 specimens subjected to 
the precipitin test. 

Relation to Malaria: This species has been found naturally infected 
in Indo-China, Malaya and the Dutch East Indies and is considered to 
havesomeimportance as a vector in these countries. No natural infections 
have been recorded in India or Burma. In Indo-China the only record 
of infection is that of Gaschen (1936) who dissected 68 specimens out of 
which 1 contained oocysts and sporozoites. In Malaya, Hodgkin (1933) 
dissected 200 specimens at Kuala Lumpur, among which Were 9 gut 
infections (4°5 per cent.) and 5 gland infections (2°5 per cent.). This 
species had never before been considered to be a vector in that country. 
In Sumatra Soesilo et al. (1933) recorded 4 infected specimens out of 163 
dissected, and Soesilo (1935), during an epidemic in Java, reported 3 
infections out of 386 dissected during August (when no other species was 
found infected) and 7 out of 334 dissected in November. He noted that 
the first series was a mixed collection of nigerrimus and sinensis, whilst 
the second contained all nigerrimus, 


hyrcanus var. sinensis WIEDEMAN, 1828 


Distribution: India (Assam only); Burma; Indo-China; Southern 
China; Korea; Japan; Formosa; Sumatra; Java; Riouw; Celebes. It 
is recorded by Baisas (1931) in the Philippines; but is not listed as occurr- 
ing in these islands by Russell, Rozeboom and Stone (1943). 


Breeding Places: As for nigerrimus. 


Adult Habits: This form appears to differ conspicuously from nigerrimus 
as regards its preferential feeding habits. Walch (1932) in house-catches 
recorded an anthropophilic index of 83 per cent. out of 381 specimens in 
a locality where cattle were present in normal numbers. Where 
these were scarce the human positive percentage was 90 (102 tests). 
Toumanoff and Hu (1934) at Shanghai recorded 295 human positive and 
4 mixed human and cattle results out of 300 tested. The same observers 
reported 95 per cent. human positive in specimens caught in houses and 
99 per cent. with cattle blood in those caught in cowsheds, suggesting 
that this form feeds on cattle or man indifferently. Chang (1940) observ- 
ed that sinensis in Yunnan voraciously sought human blood, even when 
cattle and pigs were numerous. On the other hand, Morishita and 
Katagai (1933), as the result of a series of precipitin tests carried out In 
Formosa, reported only 20-8 per cent. of those caught in houses, 1'2 
per cent. of those caught in cowsheds and 2 per cent. of those caught 
in the open with human blood and concluded that sinensis usually 
feeds on cattle, whilst Raynal and Gaschen (1935) in Indo-China found 
95 per cent. of specimens with cattle blood out of 1,163 tested, Ave 
Lallemant, Soerono and Stoker (1932), in the Dutch East Indies, showed 
that this species could cover a distance of at least 1,600 yards. 
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Relation to Malaria: Walch and Walch-Sorgdrager (1921) incrimina- 
ted sinensis as the main vector in an epidemic at Sunei Tuan, Sumatra, 
where they encountered 107 infected specimens out of 7,257 
dissected (1:35 per cent.). Soesilo et al. (1933) recorded 1 infection out 
of 6 specimens dissected, also in Sumatra. The form found in Indo- 
China is not usually considered a carrier of importance because of its 
generally zoophilic tendencies, but in two epidemics near Hanoi it was 
apparently the chief vector. Gaschen (1936) dissected 661 of which 28 


were infected (14 guts, 16 glands, infection rate 4:24 per cent). in the 
Red River Delta, Tonkin. 


Sinensis is considered to be the chief malaria carrier in the plains 
of China and is also thought to play a part of importance in the transmis- 
sion of the disease in Formosa. Feng (1932) reported a natural infection 


in Central China, and Anazawa (1931) recorded an infectivity rate of 
0'8 per cent. in Formosa. 


hyrcanus X 


Venhuis (1940) has pointed out that one of the species of hyrcanus 
widely distributed in Sumatra, Java, Borneo and Celebes differs from 
both nigerrimus and sinensis in its larval and pupal stages. This has been 
provisionally named Ayrcanus X, since it is possible that it may not be a 
single entity. Those who recognise it as a new species believe that typical 
hyrcanus-nigerrimus and sinensis are very rare in Java and Borneo. During 
a malaria epidemic at Benteng, Celebes, 54 out of 587 hyrcanus were found 
infected. Examination of 63 sets of larval and pupal pelts with corres- 
ponding adults from Benteng at the time showed that all were hyrcanus X; 
moreover, about 6 larvae and 160 adults of hyrcanus from the same locality 
were examined and no examples of either sinensis or nigerrimus were 
discovered. In this locality 60 infections were also recorded among 
524 specimens of barbirostris. During an epidemic at Karangbinangoen, 
Java, 46 out of 466 Ayrcanus were found infected; many hundreds of larvae 
and adults and about 50 sets of pelts and adults were examined, and all 
were hyrcanus X. In a restricted part of the epidemic area, 15 out of 
32 aconitus were infected, but as this mosquito was absent elsewhere, 
hyrcanus X was judged to be the most important vector. 


Jeyporiensis James, 1902 


Distribution: India (Assam, Bengal, Bombay, Deccan, Central 
India, Central Provinces, Chota Nagpur, Gujarat, Hyderabad ‘State, 
Konkan, Madras Presidency, Malabar, Mysore State, Umted Provinces) ; 
Burma; Indo-China (Toumanoff and Try 1937}; Chapa, Tonkin. 

Breeding Places: Streams, flowing water connected with rice cultiva- 
tion, and along marshy edges of streams, lakes and ponds. 

Adult Habits: The adults enter houses, but are more frequently 
found in cattlesheds (Senior White, 1937). 

Relation to Malaria: Nursing, Rao and Sweet (1934) recorded 2 
gut infections out of 674 dissected in Mysore State (0'3 per cent). Senior 
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White (1937) in the Jaipur Hill tract dissected 318, of which 4 were infect- 
ed (gut only). Ramsay, Chandra and Lamprell (1936) reported over 
2.000 dissections of this species in Assam, with 1 infection only (gut). 
Stephens and Christophers (1902), and Perry (1914) suspected this spe- 
cies to be a carrier onepidemiological grounds, but no gland infection has 
yet been reported, and it is not generally considered to play any part 
of importance in the transmission of malaria. 


jeyporiensis var. candidiensis KOIDZUMI, 1923 


Distribution: India (Assam, Bengal, United Provinces, Malabar) 3 
Burma ; Indo-China; Southern China; Formosa. 


Breeding Places: Slow-running water, river margins, streams with 
grassy edges, ditches, swamps, ricefields, seepage outcrops, especially 
in foot-hill areas. Jackson (1936) noted that it was found in ricefields 
in China after the reaping of the second crop. 


Adult Habits: This form was listed along with minimus as strictly 
entophilet by Toumanoff (1936), who stated that in Indo-China when 
caught in houses it always contained human blood, and occasionally 
did so even when captured in stables or cattlesheds. He classed it 
as markedly anthropophilic although animal deviation was much greater 
than was the case with minimus. Raynal and Gaschen (1935) recorded 
506 precipitin tests with candidiensis of which 41 per cent. contained 
animal blood as compared with 26 per cent. with minimus. According 
to Jackson (1935a) the flight range of candidiensis in Hong Kong exceeds 
half a mile. 

Relation to Malaria: Prior to 1944, the only records of natural 
infection of this form in India were those of Iyengar (1934a, 1934b) 
who encountered 4 gut infections out of 3,833 dissected in Travancore 
State. Recently, however, it has been shown to be a vector in Arakan 
on the Bengal-Burma border. In Indo-China it is considered an efficient 
vector in the foot-hills, second only to minimus in importance. Toumanoff 
(1936) recorded 4 gut and 2 gland infections out of 826 dissected in Tonkin 
(infectivity rate 0-7 per cent.), 1 gland infection out of 58 in the foot-hills 
of South Indo-China, and 3 gut infections out of 424 in the high plateau 
of Annam (0:7 per cent.). Feng (1935) described it as an important 
secondary vector in the hilly regions of Southern China, and later record- 
ed 2 gut infections out of 56 dissected at Kwangsi (Feng, 1936). Jackson 
(1936) reported an infection rate of 3-3 per cent. among 554 dissected 
in Hong Kong; Ling, Liu and Yao (1936) recorded 1 gland infection 
among 53 dissected in Yunnan; and Robertson (1941) found 6 infections 
(2 gut, 1 gland, 3 gut plus gland) out of 108 dissected in the same district 
along the Burma Highway (infectivity rate 5°55 per cent.). 


karwar: JAMES, 1903 


Distribution: India (Assim, Bengal, Bihar, Bombay, Deccan, Chota 
Nagpur, Konkan, Madras, Malabar, Mysore State, Orissa); Ceylon; 


4 Species which seek their hosts inside habitations or closed shelters, cattlesheds or stables. 
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Burma; Thailand; Indo-China; Sout ina; : : 
Celebes; Philippine Islands. uthern China; Malaya; Borneo; 

Breeding Places: Clear shaded streams, spring pools, drains, seepages 
and swamps. Watson (1921) characterised this species in Malaya as a 
pool breeder, which prefers a gentle stream of water flowing through the 
pool, such conditions often being found at the foot of a hill. Larvae 
were also found in ravine streams, but these always had grass or weeds 
along the margins. Senior White (1926) noted that they were to be found 
in water flowing over rock rather than earth with high acidity and low . 
conductivity. Hacker (1920) classed karwart as a small pool breeder, 
associated with maculatus, vagus and kochi. Iyengar (1926) found it breed- 
ing in seepages and seepage pools in Bangalore. 

Adult Habits: Adults are found in houses and stables. Laurel 
(1934), from a limited number of precipitin tests in the Philippines, 
concluded that they fed on man. Ramsay, Chandra and Lamprell 
(1936) recorded precipitin tests of blood meals on 311 specimens, of which 
16-4 per cent. contained human blood. 


Relation to Malaria: Barber (1918) found this species highly suscep- 
- tible to experimental infection in Malaya, and Watson (1921) suspected 

it to be a vector in that country on epidemiological grounds, but there are 
no records of infections in nature, excepting 1 gut infection reported by 
Strickland (1929) out of 125 specimens dissected in Assam in july. 
Ramsay, Chandra and Lamprell (1936) stated that over 15,000 specimens 
have been dissected in Assam with negative results. It seems unlikely 


that this species plays any part of importance in the transmission of 
malaria. 


kochi DONITZ, 1901 


Distribution: India (Assam, Bengal); Burma; Thailand; Indo- 
China; Southern China; Formosa; Malaya; Sumatra; Java; Little 
Sunda Islands; Borneo; Moluccas; Philippine Islands. 


Breeding Places: Small muddy pools during the rainy: season, unplant- 
ed ricefields; shaded or exposed streams and irrigation channels; some- 
times in artificial containers, cut-bamboos, etc. (Russell, Rozeboom and 
Stone, 1943). This species was classed as a small pool breeder by Hacker 
(1920) who noted that the larvae were found most frequently alone, but 
fairly often in association with hyrcanus and vagus. Watson (1921) in 
Malaya noted that it bred in dirty water, such as buffalo wallows, 
water in wheel tracks, and drains contaminated with sewage, whilst 
Lalor (1912) found the larvae in standing water between furrows in 
sugar-cane plantations in Burma. 


Adult Habits: According to Russell, Rozeboom and Stone (1943) 
this species is moderately domestic, the adults frequenting houses and 
feeding on both man and animals. Toumanoff (1936) describes it as 
markedly zoophilic, attacking animals in shelters and out of doors, but 
occasionally entering houses to feed on man. Morin (1930) stated that 
in Cochin-China kochi is commonly found in houses at night, but entirely 
absent from day-time collections. A proportion of the adults certainly 
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rest out of doors in the forest, and Venhuis (1942a) records them as being 
found under stream banks. Walch (1932) who performed a limited 
number of precipitin tests with this species found that in house- 
catches where cattle were present in normal numbers only 4 per cent, 
contained human blood. The figure recorded by Ramsay, Chandra 
and Lamprell (1936) was almost identical (3°8 per cent. human positive 
out of 213). Ave Lallemant, Soerono and Stoker (1932), in the Dutch 
East Indies, showed that kocht could cover a distance of over 1,000 yards. 


Relation to Malaria: This species has been found naturally infected 
in India and Indo-China, but is not considered an important vector in 
either of these countries. The only record of natural infection in India 
is that of Ramsay (1930) who reported 2 gut infections out of 77 
specimens dissected in July at Cachar, Assam; but the total number 
dissected during the year was 2,113 and no other infections were encoun- 
tered. In Indo-China the sole record of natural infection in this species 
is that of Toumanoff (1936) who observed oocysts in 2 specimens out of 
45 dissected. In the Dutch East Indies, however, it is considered to be 
a vector of some importance, and natural infections have been recorded 
on a number of occasions, sometimes with a high infectivity rate, 
Walch and Walch-Sorgdrager (1921) recorded a sporozoite rate of 11-5 
per cent. (79 dissections). Bosch (1925) reported an epidemic, considered 
to be caused by this species, in which 10 specimens were found infected 
out of 268 dissected (3°7 per cent.). On the whole, however, the infecti- 
vity rate even in the Dutch East Indies is low, the figure given by Dooren- 
bos (1931) as the result of 8,929 dissections in Sumatra being 0°75 per cent. 
The general conclusion is that where the species is present in large numbers 
it may become a vector of considerable local importance provided that 
local conditions are favourable. 


leucosphyrus DONITZ, 1901 


Distribution: India (Assam, Bengal, Konkan, Madras, Malabar, 
Mysore State); Ceylon; Burma; Thailand; Indo-China; Southern China 
(Hainan); Andamans; Malaya; Sumatra; Java; Borneo; Philippine 
Islands. 

Breeding Places: Cogill (1903) noted that in Western India where 
water was plentiful the larvae of this species were found in the open, 
but that as a rule they occurred in jungle streams, being particularly 
partial to waters containing decaying leaves. Christophers (1912) 
found them in the Andamans in pools beside forest streams. Covell 
(1927a), also in the Andamans, recorded them in a pool in the open 
along with those of tessellatus overhung with Mimosa pudica, and also in a 
disused well with those of barbirostris. Senior White (1926) in Ceylon 
found the larvae along with those of maculatus in very acid water of high 
purity, and noted that they had been collected from springs at the head 
of a ravine, with no forest of any kind within some miles. Clark and 
Choudhury (1941) in Assam recorded them in stagnant water in open 
jungle, small pools in marshy areas and elephant footprints. 


Adult Habits: Roper (1914) in Borneo recorded that the adults were 
to be found abundantly in coolie huts inside mosquito-nets, engorged with 
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blood. Bais (1919) collected them in houses in the Dutch East Indies, 
800 metres from the nearest breeding place. Clark and Choudhury 
(1941) found them exclusively in houses at Digboi, Assam, and Touma- 
noff (1936) made a similar observationin Indo-China. Venhuis (1942a) 
_observed them resting on stream banks in East Java. Walch (1932) 

noted that they fed readily on man, and recorded 90 per cent. with human 
blood out of 102 specimens collected in houses in a locality where cattle 
were scarce. Ramsay, Chandra and Lamprell (1936) in Assam found 
75:5 per cent. with human blood out of 102 tested. 


Relation to Malaria: Roper (1914) suspected leucosphyrus to be a 
malaria carrier in Borneo on epidemiological grounds. Bais (1919) 
dissected 235 specimens of which 4 had gut infections (1-7 per cent.) 
and considered it to be an important vector in the Dutch East Indies. 
In more recent years it has been found infected in several localities in 
Sumatra. Doorenbos (1931) reported 504 dissections in that island 
with an infectivity rate of 1 per cent. Stoker (1934) recorded 7 infections 
out of 110 specimens caught in houses at Sarang-Tioeng, an island off 
the coast of Borneo, and Goelarso (1934) found 1 ont of 13 infected in 
a locality in East Borneo. In India until recently this species was not 
looked upon as a carrier of any importance on account of its rarity, but 
Clark and Choudhury (1941) recorded an infection rate of 3-7 per cent. 
out of 135 dissected in the vicinity of Digboi, Assam in 1938, and of 4:9 
per cent. (82 dissected) and 3°1 per cent. (642 dissected) in two different 
localities in the same area in 1940. More recently it has been incriminat- 
ed as the chief vector in the Shingbwiyang area, North Burma. 


In Indo-China, Toumanoff (1936) recorded 1 gut infection out of 77 
dissected and considered it probable that this species, though not generally 
abundant in that country, is of some importance as a vector on account 
of its intimate contact with man. Farinaud (1938) reported 1 infection 
out of 50 dissected at Poulo-Condore in the deltaic region. Lefebre 
(1938) suspected leucosphyrus to be a vector in the forest-covered plains 
of Laos, where it comprised 66 per cent. of the total anophelines collected. 
In the wooded valley of the Mekong 2 specimens were found with infected 
guts out of 29 dissected. 


maculatus THEOBALD, 1901 


Distribution: India (widely distributed throughout the sub-moun- 
tain tracts along the foot of the Himalayas up to 8,000 feet, Nilgiri 
Hills, Salem Hills, Assam Hills, Chota Nagpur, Jaipur Hills); Ceylon; 
Burma; Thailand; Indo-China; Southern China; Formosa; Malaya; 
Sumatra; Java; Banka; Riouw; Borneo; Little Sunda Islands; Philippine 
Islands. 


Breeding Places: Streams and river-beds, with a preference for 
seepages. Strickland (1916) in Malaya noted that the larvae were 
found in cleared hill areas and not in hill-land jungle. Watson 
(1921) stated that this species alone of all the species in Malaya can make 
its home in fast running streams, free from grass and other vegetation. 
Larvae are also found in ricefields in hilly districts, especially in those 

where a variety of rice is grown, the stalks of which bend over and he on 
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the ground when the heads become ripe. Selwyn-Clarke (1931) stated 
that in Malaya the maximum breeding periods were March and Septem- 
ber. The first is not affected appreciably by the April rains, but the 
heavy rains of October and November may wash out the larvae produced 
in the second period. 


Adult Habits: The adults enter houses and bite man readily at 
night, chiefly between 9 p.m. and 2 a.m. Thereafter the majority leave 
the houses and rest outdoors, notably along stream banks (Venhuis, 
1941). Essed (1925) described them as chiefly out-of-door mosquitoes. 
Morin (1930) noted that in Cochin China they were common: in houses 
at night, but rare in the day-time. Chang (1940), however, stated that 
in Yunnan they are taken commonly in houses, though rarely in cattle- 
sheds, and Wallace (1939b) stated that in Malaya many more were 
caught in human habitations than in cattlesheds. Precipitin tests by 
Ramsay, Chandra and Lamprell (1936) in Assam indicated a pre- 
ference for cattle blood, only 5-4 per cent. containing human blood out 
of 130 tested. Walch (1932), in the Dutch East Indies, recorded a 
human positive percentage of 97 among 38 specimens caught in houses 
where cattle were scarce, but of only 11 among 45, also caught in houses, 
in a locality where they were present in normal numbers. In Malaya, 
Green (1934), in a series of 304 precipitin tests with various species of 
anophelines, found 93 per cent. of maculatus with human blood; the 
corresponding figure for umbrosus was 95 per cent., and for barbirostris 
and separatus 80 per cent. Hodgkin et al. (1935) stated that pre- 
cipitin tests once more indicated that maculatus has a strong preference 
for human blood. Toumanoff (1936) on the other hand stated that in 
Indo-China maculatus was markedly zoophilic, attacking animals not only 
in shelters but also in the open, and only occasionally entering houses 
to feed on man. Jackson (1936) stated that precipitin tests of this 
species in Hong Kong indicated a strong preference for cattle, whilst 
Laurel (1934) in the Philippines recorded only 7 specimens with human 
blood out of 249 tested. 


It has been suggested that the importance of maculatus as a malaria 
carrier in Malaya is due to the scarcity of cattle in that country. 


` 


The effective flight range of maculatus was formerly considered to 
be not more than half a mile, but in recent years observations in Malaya 
indicate that it may on occasions exceed this distance (Evans, 1938; 
Holmes, 1939; Strahan, 1940). Wallace (1939a) recovered marked 
specimens at a distance of nearly 14 miles from the point of release, but 
infiltration as far as this from breeding places is probably exceptional. . 


Relation to Malaria: This species is not considered to be a vector of 
any importance in India, the only natural infections recorded in this 
country being from Shillong, Assam. In the 10-year period 1931-41, 
25 gut and 5 gland infections were encountered out of 8,952 specimens 
dissected (0:34 per cent.). During 1940-41, when it was the only 
species found infected in this locality, 13 gut and 1 gland infections were 
met with out of 1,573 dissected (0°96 per cent.) (Vishwanathan, Dass 
and Oommen, 1941). Ramsay (1930) dissected 3,374 maculatus in 
Assam with negative results, Feegrade (1926) recorded 1 gut infection 
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out of 13 dissected at Lashio, Burma, but it is not considered a vector 


“4 — ani in that country or in Thailand, where it is rare (Anigstein, 


_ In Indo-China, Toumanoff (1936) recorded 1 gut and 1 gland infec- 
tion of this species out of 90 dissected in Tonkin from 1931-33, whilst 
at Vinh-Thuy, 1 specimen was found infected out of about 50. It is 
probably of little importance as a vector in this country, though Morin 
(1930) considered on epidemiological grounds that it played some part 
in transmission in Cochin China. It has been found naturally infected 
in Hong Kong, but Jackson (1936) concluded that it could be a vector 
there only in exceptional circumstances. Chang (1940) thought it 
unlikely to be a carrier of any note in Hunan. Robertson (1940) records 
3 natural infections of this species out of 42 dissected along the Burma 
Highway, Yunnan, in an area where minimus is the chief carrier. 


In Malaya and in the Dutch East Indies maculatus is a vector of 
major importance in hilly areas, although the number of records of 
dissections published in the former country are remarkably few. In 
the Dutch East Indies it has been found infected in Sumatra, Java, 
Banka, Riouw, several of the Little Sunda Islands and in Borneo. Door- 
enbos (1931) recorded 6,980 dissections on the east coast of Sumatra 
with an infection rate of 2:8 percent. Venhuis (1941), during an epidemic 
at Kediri, East Java, dissected 393 specimens caught in houses 
with 1 gland infection. Out of 136 caught along stream banks, 1 was 
found with infected gut and 2 with infected glands. Only about one- 
third of those caught in houses contained blood, whereas blood was 
present in almost all those captured on the stream banks. 


Venhuis (1941) concludes that perhaps those caught in houses 
were chiefly young adults waiting for a blood meal, or alternatively that 
there may be two biologically separate races, as suggested above. 


In the Philippines, Russell (1934) considered that maculatus was 
an occasional vector. Ejercito (1934) recorded 3 infections (2 gut and 
1 gut plus gland) out of 42 caught in a room containing several malaria 
patients. Another series of 296 dissections included | infected specimen 
(gut plus gland). He agreed with Russell that this species is probably 
a vector in the Philippines, but not one of major importance. 


mang yanus BANKS, 1906 


Distribution: Philippine Islands. 


Breeding Places: Shallow, slow-flowing streams with sandy or rocky 
beds in or close to mountainous areas; the larvae prefer clear water and 
are frequently found among mats of aquatic vegetation along edges of 
streams or irrigation channels, particularly among exposed bamboo 
roots in undercut banks (Russell, Rozeboom and Stone, 1943) 


Adult Habits: Russell and Santiago (1934a) recovered 3 marked 
females of this species at distances of from 218 to 546 yards from the 
point of release, and one male at 982 yards. 
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Relation to Malaria: It is suspected to be a vector, apparently on 
epidemiological grounds (Jesus, Jao and Gracia, 1938). King (1932) 
states that most of the experimental results attributed to febrifer probably 
relate to this species, implying that it is readily infected with malaria 
parasites, and that it is found in situations with which malaria is usually 


associated. 


minimus THEOBALD, 1901 


Distribution: India (Assam, Bengal, Bihar, Chota Nagpur, Hyder- 
abad State, Konkan, Madras, Malabar, Mysore State, Orissa, United 
Provinces); Burma; Thailand; Indo-China; Southern China; Formosa; 
Sumatra; Celebes; Moluccas. 


Breeding Places: The characteristic breeding place of this species 
is in clear unpolluted slowly-moving water with grassy edges. It is 
only in such a situation that continuous dense breeding takes place; but 
the larvae are found in many other breeding places, such as seepage 
outcrops, borrow-pits, tanks, ricefields, irrigation channels and shallow 
earth wells at low or moderate altitudes. From a practical point of 
view, the vast areas of stagnant water formed by marshes and ricefields 
which may be present in minimus areas are of little or no importance 
(Thomson, 1940a). According to Lefebre (1938) this species breeds 
at altitudes up to 4,900 feet in Laos, Indo-China. It will not breed 
under shade, if this is absolutely dense, but partial shade is no deterrent: 
in fact, under such conditions the larvae are found in the shady rather 
than in the sunlit portions of the breeding place. Thomson (1940a, 
1940b) has shown that the reasons for it not breeding under dense shade 
are secondary, due to the fact that marginal vegetation does not grow 
under such conditions, and, therefore, the influence of water movement 
is exerted right up to the bank. A. minimus breeds in moving water not 
because it prefers water in movement, but because it 1s usually only under 
such conditions that the water is fresh enough and cool enough for its 
needs. The larvae are unable to resist a current velocity exceeding 
0-29 feet per second. The pre-monsoon breeding places are permanent 
waters, such as rivers, streams, seepages and wells fed by springs. When 
the monsoon breaks the larvae are washed out from many of these 
situations; but new seepage outcrops appear at the junction of the hills 
and the low lands, and many nullahs previously dry now contain fresh 
slow-moving water with grassy margins forming ideal minimus breeding 
places. Thomson (1940c) has shown that the thermal death point of 
minimus larvae is 40°C. considerably lower than is the case with kyrcanus, 
barbirostris, culicifacies and vagus. This renders it impossible for minimus 
to breed in ricefields whilst the plants are young or in shallow collections 
of sunlit water during most of the rainy season in Assam. 


Adult Habits: The chief day-time resting places of minimus in 
Assam and North Bengal are inside dark houses and coolie huts. They 
are frequently found on the dark earth floor under the large bamboo 
beds and the great majority rest in the lower half of the room. By far 
the greatest number are to be found hanging from the underside of the 
bamboo beds, under piles of firewood supported on a bamboo frame-work 
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or similar dark horizontal surfaces. During the hot, damp monsoon 
season, this species takes two days to digest its blood meal and develop 
its Ovaries, Ovipositing on the second night after feeding. In the cold 
weather this period is increased to from four to six days. There is a 
considerable daily turnover of the minimus population in houses. About 
90 per cent. of its blood feeding takes place after midnight, and there is 


very little feeding activity during the first two or three hours after sundown 
(Thomson, 1941). 


Ramsay, Chandra and Lamprell (1936) in Assam recorded precipi- 
tin tests on 622 specimens of which 60 yielded no result. The percentage 
with human blood was 85:7. Toumanoff (1936) stated that in Indo- 
China specimens subjected to the precipitin test almost invariably contain- 
ed human blood when caught in human habitations, and frequently did so 
when taken in stables or cattlesheds. Mesnard and Toumanoff (1933), in 
a series of such tests, recorded 86-5 per cent, with human blood, the remain- 
der yielding no result. Raynal and Gaschen (1935) recorded 509 pre- 
cipitin tests with this species of which only 26 per cent. contained animal 
blood. Morishita and Katagai (1933) in Formosa found 692 per 
cent. of specimens caught in houses, 20-1 per cent. of those caught in 
ho open and 6:4 per cent. of those caught in cowsheds to contain human 

ood. 


Chang (1939) states that in Hunan, Southern China, minimus 
is taken only in small numbers in houses, and appears to enter them only 
for a blood meal, leaving again after feeding, and thus resembling 
flavirostris in its adult habits. It seems probable that this form belongs 
to a different biological race from that found in Assam. 


Relation to Malaria: This is one of the most dangerous malaria carriers 
known, by reason of its domestic habits and its preference for human 
blood. It is the chief vector of the foot-hills of the United Provinces, 
Bengal, Assam, Burma, Indo-China, Southern China and Formosa. 
Iyengar (1940) in the Darjeeling foot-hills dissected 172, and recorded 
a sporozoite rate of 9:3 per cent. and a total infectivity rate of 18°6 per 
cent. Viswanathan, Das and Oommen (1941) in Assam reported 5,120 
dissections with a total infectivity rate of 3 per cent. Infections were 
encountered in every month except February. They noted that in all 
centres transmission occurs from March or April to the end of the year, 
with the peak in October. The highest percentage of infections were in 
March, June, August and October. Ramsay, Chandra and Lamprell 
(1936) noted that out of over 100,000 mosquito dissections carried out 
in Assam, 98°3 per cent. of the infections encountered were minimus. 
Senior White (1937) in the Jaipur Hills dissected 201 and recorded 17 
gut and 8 gland infections (sporozoite rate 4:7 per cent.). The same 
author later reported 195 further dissections from the same arta, with an 
oocyst rate of 5-1 per cent. and a sporozoite rate of 4:1 per cent. (Seinor 
White, 1938). In the Singhbhum Hills, Senior White and Das (1938) 
dissected 334 specimens with an oocyst rate of 6:9 per cent. and a sporo- 
zoite rate of 3°9 per cent. 


In Indo-China, Toumanoff (1936) noted that infections of minimus 
were scattered throughout the year, the highest figures being recorded 
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in December, January, June and October. Toumanoff (1932) observed 
that the percentage of this species infected in Tonkin rose from 0'8 in 
undulating country with irrigation canals and 1'2 in a region of wooded 
hills and marshy valleys to 3:43 in wooded mountainous areas with 
numerous permanent streams. Treillard (1938) noted that minimus 
lived from 5 to 10 times as long as vagus under identical conditions in the 
laboratory, and surmised that this might be a cogent reason for its effi- 
cacy as a vector of malaria. Raynal and Gaschen (1935) stated that 
among 4,488 specimens of minimus dissected in Indo-China the sporozoite 
rate was 3°69 per cent. Morin (1929), in Cochin China, recorded 5 
infections (2 gut, 3 gland) out of 63 dissected (8 per cent.). 


In China, Feng (1932) recorded an oocyst rate of 8:57 percent, 
and a sporozoite rate of 29°85 per cent. during a malaria epidemic 
in Amoy Island. The same author reported 6 specimens with gut plus 
gland infections out of 37 dissected in Kwangsi, Southern China (Feng, 
1936). Jackson (1936) dissected 11,447 specimens in Hong Kong in 
four years, and recorded an infectivity rate of 4"5 per cent. 


- In Formosa, Anazawa (1931) reported an infectivity rate of 2:4 
per cent. in this species ( ? numbers dissected). 


Hell (1933) stated that the type-form of minimus occurred in 
Sumatra, Celebes and the Moluccas, but there appears to be no record 
of natura! infection of this species in these islands except that of Soesilo 
et al. (1932) who incriminated it as a carrier in Minahassa, Celebes 
(infectivity rate 3 per cent.). 


minimus var. flavirostris LUDLOW, 1914 


Distribution: Philippine Islands; West Java; Borneo; Bali. 


Breeding Places: Clear water of shaded streams; especially round 
roots of bamboo; also rivers, flowing or stagnant irrigation channels, 
pools and wells (Russell, Rozeboom and Stone, 1943). Smalt (1937) 
recorded it breeding in ricefields in Bali. | 


Adult Habits: Enters houses at night to attack man, but does not 
rest there. In the Philippines its favourite day-time resting places are 
under overhanging stream banks (Russell, Rozeboom and Stone, 1943). 
Venhuis (1942b) noted that in Java also it was rare in houses though 
present in great numbers along stream banks. According to Russell _ 
and Santiago (1934b) this species can fly with the wind at least one mile 
from its breeding place. Laurel (1934) recorded precipitin tests on 
1,433 specimens in the Philippines, of which 94 contained human blood, 
920 cattle blood and 4 both human and cattle. He concluded that there 
was apparently no preference for either man or cattle. 

Relation to Malaria: 1t is the principal vector in the Philippine Is- 


lands. Russell (1933) dissected 705 of the funestus-minimus group and 
found. 4 specimens of flavirostris infected. 


According to Overbeek and Stoker (1937) it has been found 
naturally infected in Tjipandani, West Java (3 per cent.); Sidoardjah 
(1 per cent.); and on the island of Poelau Laoet near Borneo. Venhuis 
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(1942b) in Java, during an epidemic presumed to have been caused by 
aconitus, Captured 258 flavirostris on stream banks, of which 235 were 
dissected. Among these there were 3 with infected guts. In the last 
five months of the epidemic, 5 guts were found infected, 4from specimens 
caught on stream banks and 1 from a specimen caught in a house. In 
four years (1937-40) in East Java, 511 guts and 673 thoracic fluids from 
specimens caught in houses and stables only were examined. None 


of these were infected except 1 mid-gut from a specimen caught in October 
1940. 


novumbrosus SYRICKLAND, 1916 


Distribution: Malaya. 


Breeding Places: Jungle pools, drains and swamps. Hodgkin 
(1938a) notes that it apparently breeds only in jungle, most frequently 
in swampy jungle such as covers extensive tracts of the coastal districts; 
in contrast to umbrosus which, according to this author, contrary to 
general belief does not apparently breed in jungle. 


Adult Habits: Resemble those of umbrosus. 


Relation to Malaria: Hodgkin (1937) recorded 2 natural infections 
out of 189 specimens dissected and the same author reported 3 specimens 
later with oocysts and 6 with sporozoites out of 752 dissected (Hodgkin, 
1938b). He considers that this species is a vector of importance, and that 
it is probably responsible for a number of the infections which have been 
attributed to umbrosus (Hodgkin, 1938a). 


pallidus THEOBALD, 1901 


Distribution: India (widely distributed, except in the north-west) ; 
Ceylon; Burma; Thailand; Sumatra (Djambi) (Soesilo et al., 1932); 
possibly in Malaya (Gater, 1933). 


Breeding Places: Ricefields, tanks with vegetation, borrow-pits 
in connection with rice cultivation. Kenrick (1914) noted that in the 
Central Provinces, as this crop gives way to jungle, so do the numbers 
of this species diminish, till none at all are found where there are no 
ricefields. Iyengar (1926) observed the larvae in ditches and stagnant 
pools with a species of Chara forming dense sub-aquatic bushes, on the 
top of which they were found along with those of annularis, barbtrostris 
and Ayrcanus. 


Adult Habits: The adults are found chiefly in cattlesheds, but also. 
enter human habitations. Satyanarayana (1934) recovered marked 
specimens which had flown across the harbour at Vizagapatam, at points 
800 to 900 yards from the place of release. 


> 


Relation to Malaria: This species has been found infected in nature, 
but is nowhere considered an important malaria carner. Kenrick 
(1914) stated in a paper read at the Third All-India Sanitary Conference 
that Goverdhan had encountered gut infections in 2 specimens dissected 
at Chanda, Central Provinces. Sur and Sur (1929) dissected 1,236 
at Krishnagar, Bengal, with 3 gut infections (0:24 per cent.). Bose 
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(1931) at Birnagar, Bengal, recorded 1 infected gut out of 403 dissected. 
Timbres (1935) dissected 35,429 specimens in Birbhum District, Bengal, 
and recorded a sporozoite rate of 0:03 per cent. Roy and Biswas (1942) 
reported 6 gland infections (0-7 per cent.) out of 854 dissections in Udai- 
pur State, Central Provinces. Iyengar (1939) reported 2 gut infections 
out of 408 dissected in Bengal. In the East Satpura Ranges, Senior 
White and Adhikari (1940) dissected 3,157, of which gut infections were, 
met with in four instances. 


pattoni CHRISTOPHERS, 1926 


Distribution: China, not south of 30° North. (Russell, Rozeboom and 
Stone, 1943). yn 


Breeding Places: Small collections of water in beds of hill streams, 
pockets along streams with considerable algal growth, rain pools in rocks 
(Russell, Rozeboom and Stone, 1943). Larvae have been recorded in 
ricefields in Szechwan (Best, 1932). 


Adult Habits: It is considered to be an important vector in the hilly 
regions of Northern China (Feng, 1935), apparently on epidemiological 
grounds only. Hindle and Chow (1929) succeeded in infecting 9 speci- 
mens out of 11 experimentally (82 per cent.). “There appear to be no 
published records of natural infection. 


philippinensis LUDLOW, 1902 


Distribution: India (Assam, Bengal, Bihar, Bombay, Deccan, 
Chota Nagpur, Konkan, Madras Coast North, Malabar, Mysore State, 
Orissa); Burma; Thailand; Indo-China; Southern China (Hainan, 
Yunnan); Andamans; Malaya; Sumatra; Philippine Islands. 


Breeding Places: Tanks, pools, borrow-pits and ditches with vegeta- 
tion; recorded in ricefields in the Andamans by Christophers (1912) 
and Covell (1927a). Krishnan (1940) in Bengal found no larvae of 
this species in ricefields, the species breeding chiefly in reservoirs, borrow- 
pits and canals. Ramsay and Macdonald (1936) concluded that this 
species requires cool water and hence favours permanent pools with 
vegetation under light shade. Bose (1931) stated that he could attract 
or repel this species from village tanks by introducing or removing 
suitable vegetation. Iyengar (1944) stated that philippinensis prefers 
ponds exposed to sunshine, containing water with a high dissolved 
oxygen content, and that it breeds only in clear water, being absent 
from those even feebly contaminated with sullage or decaying organic 
matter. Larvae are found in the greatest numbers in waters with a 
dense growth of sub-aqueous bushes (Hydrilla verticillata, the most favour- 
ed of all, Ceratophyllum demersum and certain species of Utricularia and 
Najas). Duckweeds and water-hyacinth (Kichornia speciosa) are inhibi- 
tory, due to the cutting off of sunlight and consequent changes brought 
about in the phytoplankton in the water. Some forms of non-filamentous 
green algae, which flourish best in sunlight, are favourable to the breeding 
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of philippinensis, whilst certain algae of the family Cyano 

Microcystis aeruginosa, and the Pie green eee ae peas a 
Oscillatoria) are inimical. Euglena, which is frequently an indication 
of organic contamination, is also unfavourable. The same author 
(Iyengar, 1942) notes that, in Bengal, the depth of the subsoil water level 
has a marked influence on the prevalence of philippinensis. In villages 
where the level of the water table is low the density of this species is high: 
conversely where the subsoil water level is high the philippinensis density 
is low. In conformity with this finding, in the deltaic region of Bengal, 
areas with a high subsoil water level during the monsoon are comparati- 


vely healthy, whilst those with a low subsoil water level tend to be highly 
malarious. i 


Adult Habits: In Bengal, Krishnan (1940) notes that philippinensis 
is chiefly a domestic species, adults being found h from 34 to 30 a cent. 
of the houses at Abujhati. 'Timbres (1935) also observed that it defini- 
tely prefers human habitations to cowsheds. Iyengar (1944) collected 
3,940 specimens in Bengal, of which 97-2 per cent. were caught in houses. 
Of a total of 37,622 anophelines of all species collected in houses, 10-2 
per cent. were philippinensis, whereas out of 59,624 caught in cowsheds, 
only 0°2 per cent. were this species. The most favoured day-time rest- 
ing place was on the wall within 14 feet of the foor in bedrooms, but 
specimens were also found in similar situations in kitchens and on pots 
and other utensils on the floor. Biting is said to take place at night 
chiefly from 8 to 10 p. m. and 2to4a.m. In Assam the species appears 
to be zoophilic. Ramsay, Chandra and Lamprell (1936) recorded 
the results of precipitin tests on 343 specimens, 31 of which yielded negative 
results. The percentage with human blood was only 6-4. No adults 
of this species were found in the Andamans either by Christophers 
or Covell, and it seems probable that this species may include two or more 
distinct biological races. i 


Relation to Malaria: This species is an important vector in deltaic 
Bengal. Sur (1928) recorded 3 gut and 5 gland infections out of 223 
dissected (infectivity rate 3-1 per cent.). Sur and Sur (1929) at Krish- 
nagar dissected 770 with a sporozoite rate of 2 per cent., and at Birnagar 
dissected 458 with a sporozoite rate of 1:5 per cent. Timbres (1935) 
dissected 12,594 specimens with an infectivity rate of 1:04 per cent. 
The highest sporozoite rate was 2:88 per cent. recorded in mid-August. 
Iyengar (1939) reported 1,918 dissections with a total infectivity rate 
of 7:2 per cent., and Iyengar (1940) recorded a further series of 
1,830 dissections with an infectivity rate of 6°3 per cent. Niogi 
and Khan (1937) dissected 101 specimens in the Bengal Dooars 
of which 2 were infected. In Assam, however, this species does not 
appear to play any part of importance in transmission. Ramsay and 
Macdonald (1936) stated thatthe Ross Institute workers have dissected 
12,464 specimens in that province, all of which proved negative. 
Viswanathan, Das and Oommen (1941) also working in Assam recorded 
dissections of 4,239 specimens carried out during the period 1931-41, 
among which 4 were infected (2 guts, 2 glands). The infections were 
encountered in two years only, 1931 and 1933. 
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In Burma, Feegrade (1926) recorded 2 gut and 1 gland infection 
in this species at Bhamo (1'6 per cent.), but it is not generally regarded 
as a vector of importance in that country. 

Toumanoff (1936) dissected 592 specimens in Tonkin in 1931-33, 
all of which proved negative. There appears to be no record of natural 
infection of this species in that country. It has been suspected as a carrier 
in Hainan, Southern China, but there appears to be no definite evidence 
to support this supposition, There is no evidence to suggest that it is 
a vector in the Philippines. 


pulcherrimus THEOBALD, 1902 


Distribution: India (Baluchistan, North-West Frontier Province, 
Punjab, Rajputana, United Provinces, Waziristan, Sind, Delhi Province, 
Gujarat); Bahrein Islands (Persian Gulf); Caucasus; Iraq; Iran; Turkes- 
tan; Bokhara. ' 

Breeding Places: Open water containing vegetation, large swamps, 
stagnant pools, ricefields (in Turkestan). 

Adult Habits: The adults are frequently found in human habitations 
and cattlesheds. They are voracious feeders, attacking men and animals 
in the open both by day and night. They are strong fliers, and may be 
carried long distances by the wind, especially during dust-storms. They 
rest in partially lighted quarters rather than in the dark. Chodukin 
and Sternchold (1938) recorded the results of precipitin tests on 986 
anophelines of various species in Central Asia. Among these, 18 per 
cent. of pulcherrimus contained human blood only, and a further 17 per 
cent. contained both human and cattle blood. 

Relation to Malaria: This species has been found naturally infected 
in Central Asia. It was listed by Zaitzev (1934) as an important vector 
in the Caucasus. Zavadskii (1929) recorded that in the autumn of 1928 
sporozoites were found in the salivary glands of one of the numerous 
females of this species captured in houses in a village of the Tashkent 
District, where an epidemic of malignant tertian malaria was In progress. 
Geller (1939), writing on the culicid fauna of Kazakhstan, states that 
pulcherrimus is an important vector in many districts. ‘There appears, 
however, to be very little specific evidence to support this assumption. 

Christophers and Shortt (1921) recorded a gut infection in this 
species in Basra, but did not state the numbers dissected. It is not consi- 
dered to be a carrier of any importance in Iraq. In India the only 
record of natural infection appears to be that of Covell and Baily (1930) 
at Larkana, Sind, where oocysts were observed in 5 specimens out of 
453 dissected. It probably plays no effective part in the transmission_ 
of malaria in this country. 


punctulatus DONITZ, 1901 


punctulatus var. moluccensis SWELLENGREBEL AND SWELLENGREBEL-de- 
GRAAF, 1920 


. This species has been regarded as comprising two well-defined 
varieties but recent investigations have thrown considerable doubt on 
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this point. Specimens of the type-form from Milne Bay, New Guinea, 
differ both biologically and morphologically from moluccensis from Cairns, 
and the two forms are distinguishable and behave differently in parts 
of coastal New Guinea. In other areas, numerous intermediate forms 
occur, and examination of a long series of adults and larvae from many 
localities has failed to reveal any constant differential characters which 
can be universally applied. Since the position is so obscure, and since 
in any case the distribution, breeding places and adult habits of the two 
forms are very similar, whilst both are undoubtedly dangerous malaria 
carriers, they are here considered together. 


Distribution: Islands east of Celebes and Timor; most of Melanesia, 
west of 170° East and north of 20° South, Moluccas; New Guinea; New 
Britain; New Hebrides; New Ireland ; Solomon Islands; Northern Australia. 


Breeding Places: Sunlit natural and artificial water, e.g., banks of 
rivers and creeks with or without vegetation, drains, trenches, swamps and 
hoof-prints. The type-form breeds only in fresh water, whilst moluccen- 
sis has a much wider range and will breed either in fresh or in very brack- 
ish water. Follows man when he cuts down and clears away the scrub, 
thus admitting the sun to ground water which was previously unsuitable 
to it for lack of sunlight (Taylor, 1943). 


Adult Habits: Both the type-form and the variety will feed at any 
time of the day, provided the sky is overcast. They are smali grey 
mosquitoes which do not attract much attention when feeding because 
their bite is not severe, nor do they make any noise. They enter 
houses and remain there if undisturbed. Observations in New Guinea 
on moluccensis showed that the great majority feed during the night. The 
activity of those entering human dwellings to feed was marked by a 
distinct periodicity, the greatest activity occurring about 9 p.m. It 
then declined, with minor peaks at approximately three-hourly intervals 
until biting virtually ceased at or immediately before dawn. It was 
observed that a strong wind during the earlier part of the evening might 
lower the peak of activity at 9 p.m. and raise it correspondingly at 
midnight, whilst a steady breeze or continuous rain flattened the curve 
of activity throughout the night. 


Walch (1932), as the result of a series of precipitin tests, concluded 
that punctulatus and moluccensis both fed exclusively on man, but in a recent 
series of tests carried out in New Guinea, only 19 per cent. (of var. 
moluccensis) contained human blood, most of the remainder having fed 
on dogs and pigs. They certainly bite man when an opportunity arises, 
but are apparently not highly anthropophilous. 

It appears that the majority of moluccensis leave the house after 
gorging fully, and find shelter in the surrounding scrub in spots close 
to the ground where humidity 1s highest and where they are protected 
from the surrounding wind. They are found under fallen coconut 
leaves, in empty coconut husks, amongst the exposed roots of bushes 
and in crab holes a few inches below the surface of the a A 
minority remain in dwellings during the day and are to be found in 
cool dark corners, behind packing cases, under the thatch and in any 
other position sufficiently sheltered. 
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Precise data regarding their effective flight range are not available, 
but in the course of a study of the bionomics of moluccensis in New Guinea 
it was noted that no mosquitoes had fed on man among those caught 
beyond 300 yards from a village, and that the density of the species 
varied inversely with the distance from the village, very few being found 
at 600 yards distance, whilst they were captured in large numbers at 
300 yards. It seems probable that the effective flight range does not 
exceed half a mile. 

Relation to Malaria: punctulatus type and var. moluccensis are the 
dominant malaria vectors throughout the area of their distribution. 
Heydon (1923) dissected over 200 specimens at Rabaul, New Britain, 
and recorded an oocyst rate of 3°6 per cent. and a sporozoite rate 
of 3-9 per cent., the corresponding figures among specimens taken in huts 
being 6'2 and 6-4 respectively. Most of these were probably moluccensis. 
Rook (1924) recorded 12 gut infections out of 448 punctulatus type dissected 
in New Guinea (2'9 per cent.). The same observer dissected 82 speci- 
mens of moluccensis at Tanah Merah, New Guinea, in November and 125 
in December-January with an infection rate of 4'9 and 11:0 per cent. 
respectively (Swellengrebel and Rodenwaldt, 1932). More recent 
unpublished records include results of dissections of punctulatus type at 
Milne Bay, New Guinea (infection rate 11 per cent., sporozoite rate 
8 per cent. out of 61), and of moluccensis at Cairns, North Queensland 
(infection rate 1:16 per cent., sporozoite rate 0*7 per cent. out of 1,163). 
In the Ramu Valley, New Guinea, a sporozoite rate of 1:8 per cent. 
(330 dissections) was recorded by Atherton and Lemerle (1944, un- 
published). The total infection rate was 3°3 per cent. 


ramsayi COVELL, 1927 


Distribution: India (Assam, Bengal, Bihar, Orissa); Ceylon, Burma; 
Thailand; Sumatra; Java. 

Breeding Places: Rain-water pools, tanks and swamps with heavy 
growth of vegetation. Sen (1941) notes that in Bengal it appears to be 
almost exclusively associated with Pistia stratiotes, 

Adult Habits: The adults rest both in houses and cowsheds. 

Relation to Malaria: It was found naturally infected in Assam by 
Ramsay (1930), who recorded 1 gland infection out of 287 specimens 
dissected (0°36 per cent.). Later, Ramsay and Macdonald (1936) 
reported 2,217 dissections (including the above) with no further infec- 
tions. This species probably plays no part of any importance in the 
transmission of malaria. 


separatus LEICESTER, 1908 


Distribution: Malaya; Sumatra; Riouw Archipelago. 

Breeding Places: Pools and streams up to 5,000 feet (Russell, Roze- 
boom and Stone, 1943). Hacker (1920) classes this species among 
the swamp fauna, and notes that it prefers the open swamp just outside 
the jungle, in contradistinction to its close relative umbrosus, which breeds 
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typically in swampy jungle. (According to Hodgkin, 1938a, however, 
umbrosus does not breed in jungle though novumbrosus does). Essed 
(1925) found the larvae in a shady well 

Adult Habits: The adults rest in deep jungle, and rarely enter 
houses (Russell, Rozeboom and Stone, 1943). Green (1934), recording 
the results of precipitin tests of the blood meals of 304 mosquitoes, found 
80 per cent. of separatus with human blood, as compared with 95 per cent. 
in barbirostris and umbrosus and 93 per cent. in maculatus. 


_ Relation to Malaria: This species is not considered to be a vector 
of importance. Hodgkin et al. (1935) recorded 1 gland infection (0:3 
per cent.) in a series of dissections of specimens caught in a rubber estate 
in a locality intermediate between the inland hills and the coastal plain 


m Malaya. This appears to be the only published record of natural 
infection in this species. 


splendidus KotpzuM!, 1920 


_ Distribution: India (widely distributed throughout); Thailand; 
Indo-china; Southern China; Formosa. 


Breeding Places: Small pools containing algae and other vegetation 


often in connection with river-beds, seepage pools, tanks and sluggish 
streams. 


Adult Habits: The adults are found, usually in small numbers, in 
houses and cattlesheds. Toumanoff (1936) stated that this species was 
markedly zoophilic, attacking animals not only in shelters but also 
in the open, but that it occasionally enters human habitations and 
feeds on man. Ramsay, Chandra and Lamprell (1936) recorded the 
results of precipitin tests on 214 specimens, all of which had fed on 
cattle. This was the only species out of 11 subjected to more than 
100 tests each in which the anthropophilic index was nil. 


Relation to Malaria: Robertson (1910) recorded natural infections 
in this-species at Saharanpur, India, but gave no details as to the numbers 
dissected or infectivity rate. Macdonald and Majid (1931) recorded 
1 gut infection out of 26 dissected at Karnal, Punj ab. These appear 
to be the only natural infections reported in India. | Jackson (1935b) 
dissected 48 specimens at Hong Kong and found 2 with gut infections, 
but noted that the only animals in the neighbourhood were a few 
goats, and that conditions for contact with man were exceptionally 
favourable. Anazawa (1931) recorded an infectivity rate of 2:3 per 
cent. in the species in Formosa. Although it has occasionally been 
found to be infected, there appears to be no specific record of a gland 
infection. It is improbable that this species plays any part of importance 
in the transmission of malaria. 


stephensi LISTON, 1901 
Distribution: India (widely distributed throughout); Burma; 


i illi ; hrough Bahrein 
China (Yunnan) (Williams, 1941); extends westwards t 
dada Pentan Gulf), Iran and Iraq to East Arabia. 
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Breeding Places: In towns larvae are found in wells, cisterns, foun- 
tains, garden tanks and tubs, water used for soaking bricks and keeping 
the surface of cement concrete wet during building construction, cellars 
into which subsoil water percolates, leakages from reservoirs, improperly 
graded roof-gutters, discarded tins and receptacles of all kinds, hollows 
in machinery and scrap iron, etc. In rural areas it is found in pools, 
in stream beds and at the margins of the stream itself, in seepages and 
marshy areas with a gentle flow of water, irrigation channels, reservoirs 
and springs, showing a preference for sunlit breeding places (Mulligan 
and Baily, 1936) In Bahrein larvae were found in drains, shallow wells 
and garden pits containing seepage water. The upper limit of salinity, 
in which larvae were found, was 2,750 parts of chlorine per 100,000 
(Afridi and Majid, 1938). In Bombay, this species had been found 
breeding in water with high salinity, sometimes reaching or even exceed- 
ing that of sea-water (Bentley, 1911; Chalam, 1926; Bana, 1943). It can 
tolerate water with a high degree of organic pollution and has been 
found breeding in drains contaminated with sewage (Roy, 1931). 

Adult Habits: According to Russell, Rozeboom and Stone (1943) 
the adults are strong fliers and may travel three miles. Afridi and Majid 
(1938) concluded that their range of dispersal in Bahrein Islands was 
14 miles. On the other hand the extreme localisation of malaria in urban 
areas in India would seem to indicate that under such conditions the 
effective flight range does not exceed half a mile at most. Sweet and Rao 
(1937) stated that the type-form is hardier and lives longer than var. 
mysorensis and feeds avidly on man, whilst the latter appears to prefer 
animal blood. Afridi, Jaswant Singh and Harwant Singh (1939), 
however, in a series of 360 positive precipitin tests carried out with the 
type-form in Delhi, found only 1-4 per cent. with human blood. 

Relation to Malaria: This species is an important vector under rural 
conditions in Western and North-Western India, the Persian Gulf and 
Iraq, and under urban conditions in certain localities in peninsular and 
Northern India. It is the chief carrier in Bangalore and Bombay cities. 
Hodgson (1914) recorded 2 gut infections out of 110 specimens dissected 
in Delhi, but it does not appear to be a vector of any importance in that 
city at the present time. It was incriminated as the cause of a severe 
outbreak of malaria in Lucknow in 1929 by Banerjea (1930) who record- 
ed an infectivity rate of 9-3 per cent. out of 75 dissected. ‘This epidemic 
was peculiar in that it commenced in the late spring instead of in the 
autumn as is usual in this part of India. Two-thirds of the cases were 
benign tertian infections. 

Natural infections of stephensi have been recorded in Bahrein Islands, 
(Afridi and Majid ,1938), Kutch State (Afridi, Majid and Jaswant Singh, 
1938), Khairpur State , Sind (Covell and Baily, 1934), Quetta (Mulligan 
and Baily, 1936), Kohat (Sinton, 1917), Bombay (Bentley, 1911; Covell, 
1928), Mopad, Madras (King and Iyer, 1929) and Bangalore (Sweet 
and Rao, 1931; Nursing, Rao and Sweet, 1934) 


stephensi var. mysorensis SWEET and rao, 1937 


Distribution: India {(Poona, Sind, Mysore State (not Mysore City 
or Bangalore), Vizagapatam)}. It may be much more widely distributed, 
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since it can be differentiated from the type-form only from the character 


of the egg, and it is possible that many of the records given above relate 
to this form. 


Breeding Places: Sometimes wells, but more often irrigation channels 
and along the margins of streams. 


Adult Habits: This species was thought by Sweet and Rao (1937) 
to be less hardy than the type-form and more zoophilic in its feeding 
tendencies. Early attempts to maintain laboratory colonies failed, whilst 
the type-form breeds without difficulty in captivity. Russell and 
Mohan (1941) have, however, succeeded in maintaining a laboratory 
colony of mysorensis through nine generations. 


Relation to Malaria: This form has been considered of less importance 
as a vector than the type, but Senior White (1943) considered it to be the 
chief rural carrier at Vizagapatam, where a sporozoite rate of 1:75 per 
cent. was recorded. Russell and Mohan (1939) found both forms easily 
infected with P. falciparum and equally susceptible. It is possible that 


some of the records of infection given above under the type-form may 
really relate to mysorensis. | 


subpictus GRasst, 1899 


Distribution: India (widely distributed throughout); Ceylon; 
Burma; Thailand; Indo-China; Formosa; Great and Little Sunda 
Islands; Philippines; Moluccas; New Guinea. 


Breeding Places: Almost any temporary or permanent collection of 
water, even sewage polluted pools or brackish water. Common in 
borrow-pits, buffalo wallows, brick-pits, roof-gutters and artificial 
containers. Walch and Walch-Sorgdrager (1936) from a study of the 
eggs consider that in the Dutch East Indies there are at least two races, 
one breeding in salt water, the other in fresh. 


Adult Habits: The adults are found in large numbers both in cattle- 
sheds and houses. They feed on man, but prefer the blood of cattle. Roy 
(1943) found 25 per cent. with human blood in a series of 1,515 precipitin 
tests, but in all other records of such tests with this species the human 
positive percentage in India has been very low as shown below:— 





| 
| Number! Number] Anthro- 
Authority . Locality | of posi- | with | pophilic 
tive ; human | index, 
results | blood | per cent. 


| 
| 
| 
| 
|: 
j 








Ramsay, Chandra and 


Lamprell (1936 .. | Assam 261 6 23 
Taber ani Rice ) 1938) .. | Poona 224 ,; 1 0-4 
Senior White (1938) .. | Jaipur Hills | 42 | 0 de 
Russell and Jacob (1939: Pablos Mañrar 224 7 
Afridi, Jaswant Singh an | 

larvas Singh, (1939) .. | Delhi | 1,824 : 0 0:0 
Covell and Harbhagwan Wynaad, South. | l i P 

(1939) hd e India 41 1 
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In Indo-China, Raynal and Gaschen (1935) recorded 6°2 per cent. 
with human blood out of 316 subpictus tested. 

Relation to Malaria: This species has been occasionally found 
infected in nature. It is believed to be a carrier of some importance 
in Celebes and Modoera, but not elsewhere. Russell and Rao (1940) 
recorded 13,277 dissections at Pattukkottai, Madras Presidency, out of 
which 2 specimens were infected (1 gut only, 1 gut plus gland). Russell, 
Rao and Jacob (1939) reported 2 gut infections out of 4,728 dissected 
at Ennore, in the same province. 

The following records have been published for the Dutch East 
Indies :— 








Authority Number dis- | Infectivity rate per 
sected cent. 
Swellengrebel and Swellengrebel-de- | | 
Graaf (1920) E .. | 4,898 0-4 
Porten (1924) + T 1,544 0°16 
Rodenwaldt and Essed (1925) ae 3,875 0-3 
Walch and Soesilo (1927) Fe 447 0:2 
Brug and Walch (1927) T 221 0:4 
| 





Overbeek and Stoker (1937) state that in Macassar, Celebes, 
Rodenwaldt recorded an infectivity rate of 0'5 per cent. 


subpictus var. indefinttus LUDLOW, 1904 


Distribution: Philippine Islands; Formosa (Morishita, 1935); Indo- 
China (Toumanoff, 1934). 


Breeding Places: Clear, unshaded fresh water streams, rivers, pools, 
flowing irrigation channels, lakes and wells, sometimes in brackish 
or ocean salt water (Russell, Rozeboom and Stone, 1943). 


Adult Habits: Found frequently in houses at night and will feed 
on man or animals. They are able to migrate at least one mile from 
their original source (Russell and Santiago, 1934b). 


Relation to Malaria: Not considered to be a vector in the Philippines 
(Russell, Rozeboom and Stone, 1943). Toumanoff (1934), however, 
considers that the subpictus, found in Indo-China, which is considered 

-to be a secondary vector of some importance, is this variety. Farinaud 
` (1938) recorded an infection rate of 4'4 per cent. out of 68 specimens 
dissected at Poulo-Condore, in the coastal area of South Indo-China. 


sundaicus RODENWALDT, 1926 


Distribution: India (coastal areas of Bengal, Orissa, North Madras); 
Burma; Thailand; Indo-China; Southern China (Hainan, 1 specimen); 
Andamans; Nicobars; Malaya; Great and Little Sunda Islands as far 
east as Roma. 
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Breeding Places: Saline water, usually (but not always) in the presence 


of algae. Favourite situations are behind embankments erected 
to protect ricefields from the sea, where mangrove has been cleared, and 
lagoons formed by the silting up of river mouths. Larvae are found in 
borrow-pits and hoof-prints and in any water collections in cleared 
mangrove where the influence of the daily tide has been impeded by the 
construction of roads, railway tracks, etc. This species will not breed 
in waters, subject to the influence of the daily tides, and the larvae are 
not usually found in virgin mangrove. It favours breeding places in 
which floating algae (Enteromorpha, Cladophora, Cyanophyceae) are 
present. In the vicinity of Calcutta it has most often been found in 
association with Oscillatoria germinata, Lyngbya confervoides and Oedogo- 
nium sp. It will also breed, however, in water in which no algae are 
present, or at any rate none visible to the naked eye (Covell, 1927a). 
Schuffner et al. (1919) recorded that in a locality in Sumatra the larvae 
were at first abundant in breeding places without algae, but that later on 
when algae apptared in certain water collections they were exclusively 
found in the latter. Senior White and Adhikari (1939) noted that in the 
Chilka Lake, Orissa, the favourite breeding place of sundaicus was among 
putrefying masses of sub-aqueous plants, Potamogeton pectinatus and 
Halophila ovata, which are uprooted by wave action at certain times of 
the year and become bound together into plaques by the algae Lyngbya 
aestuarit. Removal of weeds from breeding places results in a cessation 
of breeding (Covell and Pritam Singh, 1942). Rodenwaldt and Essed 
(1925) recorded that this species breeds readily in water polluted with 
sewage. It prefers sunlit breeding places (Watson, 1921). The opti- 
mum salinity, according to Covell and Pritam Singh (1942) in Orissa, 
is from 600 to 800 parts per 100,000. Senior White and Adhikari (1939), 
from observations made in the same area, concluded that the optimum 
figure was 869 parts per 100,000 whilst the inhibitory salt value was 2,300 
parts. Iyengar (193la) in Bengal found that 1,500 to 2,500 mg. per 
litre was the optimum. He noted that Rodenwaldt and Essed (1925) 
in the Dutch East Indies had recorded a figure of 1-2 to 1-8 per cent. 
as the most favourable, whilst Christophers (1912) had observed sundaicus 
breeding in a salt concentration of 0-4 per cent. in the Andamans. 
The latter figure isin conformity with that recorded by Iyengar, but this is 
about one-tenth as high as that reported by Rodenwaldt and Essed 
{1925). 


In the Dutch East Indies there is a fresh-water form of sundaicus, 
which breeds in fish ponds at the height of 1,500 feet above sea level, 
and has been found even as high as 3,250 feet. They are found in the 
narrow valleys among the mountains running parallel with the west 
coast of Sumatra. 


Adult Habits: The adults are strong fliers. Covell (1927a) and Porten 
(1924) have recorded that in their search for blood they can travel over 
one mile, and Breeman (1919) considered that they could fly as far as 
five kilometres. They are found in houses as well as cattlesheds, are 
exceedingly voracious feeders and have been known to bite by day as well 
as by night (Swellengrebel and Swellengrebel-de-Graaf, 1919). Overbeek 
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and Stoker (1937) describe this species as a true house mosquito, with a 
strong tendency to feed on human blood even in the presence of cattle, 
Walch (1932) recorded 86 per cent. with human blood out of 227 speci- 
mens caught in houses in a locality where cattle were present in normal 
numbers. Out of a small series of 17 caught in a locality where cattle 
were scarce the percentage with human blood was 94, Treillard (1934) 
alluded to the house-haunting habits of this species in Indo-China, and 
observed that it lived longer under laboratory conditions than either 


minimus ox candidiensts, 


Relation to Malaria: This species is an important malaria carrier 
in India, the Andamans, Malaya, Indo-China and the Dutch East Indies, 
In India, Iyengar (1931b) dissected 838 specimens in Bengal of which 
71 had gut and 169 gland infections (total infectivity rate 23:4 per cent.). 
Covell and Pritam Singh (1942) reported 32 gut and 51 gland infections 
out of 10,714 specimens dissected in the vicinity of the Chilka Lake. 
In the Dutch East Indies very high infectivity rates have sometimes been 
recorded. Walch and Walch-Sorgdrager (1921) found 17:5 per cent. 
infected out of 58, and Stoker is said to have reported a rate of 39 per 
cent. in a locality in East Java (Overbeek and Stoker, 1937). Kuipers 
and Stoker (1934) during an epidemic at Brengkok, North Java, 14 miles 
from the sea, dissected 146 of which 32 had gut infections only, 24 gland 
infections only and the remainder mixed infections, gut plus gland. 
Stookes (1927) in Sarawak, Borneo, recorded 3 infections out of 22 
dissected (13-6 per cent.). But though highly susceptible to infection, 
sundaicus has also been found in large numbers in certain regions where 
the incidence of malaria is very slight indeed (Walch and Soesilo, 
1929). 


In South Indo-China, Farinaud (1938) recorded 50 dissections 
at Poulo-Condore, with an infection rate of 2 per cent; 126 at Gocong, 
infection rate 5-5 per cent; and 47 at Cape St. Jaques, infection rate 
4-2 per cent. 


Although sundaicus is rated as a major vector of malaria in the coastal 
regions of Orissa, Bengal, North Madras, Burma, the Andaman and 
Nicobar Islands, Malaya, Thailand, Indo-China and the Dutch East 
Indies, its distribution is extremely patchy, and it tends to appear and 
disappear in various localities depending on the variations in local condi- 
tions. This is well illustrated in the case of the villages in the vicinity 
of the Chilka Lake investigated by Covell and Pritam Singh (1942). 
Malaria occurs in these villages either in the spring or in the autumn 
or at both these periods in certain years, always depending on the presence 
or absence of sundaicus ; whilst for several years it may be absent from parti- 
cular villages altogether. In the same year there may be a spring 
epidemic in one village, an autumn epidemic in another, epidemics in 
both spring and autumn ina third and no transmission at all ina fourth. 
Another characteristic of sundaicus is its manner of infiltrating from one 
place to another. In recent years it has spread from the Sunderbans 
up to the outskirts of Calcutta, and along the whole stretch of the coast 
of Orissa from north to south, a distance of some hundreds of miles. 
Whether this represents an entirely new invasion is open to question, and 
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it seems possible that there may be a permanent reservoir of breeding 
among the islands on the south-eastern margin of the Chilka Lake.’ 


superpictus GRASSI, 1899 


l Distribution: This is an Eastern Mediterranean species, found 
In Spain, Italy, Dalmatia, Yugoslavia, Albania, Macedonia, Greece, 
Bulgaria, Thrace, Anatolia, Cyprus, Caucasus, Trans-Caucasus, Syria, 
Palestine, Sinai, Iraq, Turkmenskaya Republic, Cossack Republic, 
Bokhara and Iran. 1t has been recorded in India in Baluchistan, 


Waziristan and North-West Frontier Province; does not occur east of 
the river Indus. 


Breeding Places: Usually in hill country in pools, beds of small streams, 
rivers and irrigation systems where there is flowing water. Wenyon 
(1921) recorded that in Macedonia it bred in pools beside streams at 
4,000 feet, not in actual running water but in every tiny pool, especially 


those containing algae, and in backwaters protected from the direct 
current. 


Mulligan and Baily (1936) stated that in Baluchistan this species 
showed a marked preference for running water, the larvae being found 
in greatest numbers along the edges of streams and rivers where dense 
masses of Spirogyra retarded the flow. Other favourite breeding 
places were seepages and marshy areas with water gently flowing, open 

irrigation channels, reservoirs, pools, welis, springs, subsoil water in cracks 
and fissuresin the ground. The chief desiderate appeared to be exposure 
to direct sunlight, a gentle flow of water and plenty of vegetation, especi- 
ally algae. 


Adult Habits: The adults readily enter houses and tents (Buxton, 
1924; Christophers and Shortt, 1921) and are said to prefer human 
blood (Russell, Rozeboom and Stone, 1943). Mulligan and Baily (1936) 
found large numbers in outdoor resting places, such as caves and karezes 
(a series of perpendicular shafts, the lower ends of which are connected 
by an unlined tunnel, forming what is to all intents and purposes 
a subsoil drain). These observers noted that there seemed no ten- 
dency for this species to disperse for more than half a mile, but Kligler 
(1930) stated that the range of flight may extend as far as 3*5 kilometres 
or more. 


Relation io Malaria: This species is an important vector in South 
Europe, Iraq and Baluchistan. Christophers and Shortt (1921) dissected 
27 specimens in Iraq and found 2 with sporozoites (7'4 per cent.). 
Mackie (1921) recorded 1 gut and 2 gland infections out of 105, also in 
Iraq. Mulligan and Baily (1936), in Baluchistan, dissected 1,412 with 
a total infection rate of 4'9 per cent. (gut only 36, gland only 22, mixed 
gut and gland 11, total 69). This appears to be the only series of dissec- 
tions published in India. 


5 i elated sub-species, parangensis Ludlow, which occurs in the Philippines and 
iter ant bread in pd ie viata as a vector is unknown, but adults have been 
observed feeding on cattle (Russell, Rozeboom and Stone, 1943). 
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tessellatus THEOBALD, 1901. 


Distribution: India (Assam, Bengal, Bihar, Bombay, Deccan, Central 
India, Central Provinces, Chota Nagpur, Delhi Province, Gujarat, 
Hyderabad State, Konkan, Madras Presidency, Malabar, Mysore State, 
Orissa) ; Maldive Islands ; Geylon ; Burma ; Thailand ; Indo-China; 
Southern China ; Formosa ; Andamans; Malaya ; Sumatra ; Java; 
Borneo; Philippine Islands. 


Breeding Places: Swellengrebel and Swellengrebel-de-Graaf (1919, 
1920) describe this species as a “ dirty water mosquito”, the 
larvae being found in buffalo wallows, etc., but that they also occur 
in clear overgrown pools, and in ricefields; and that they have been 
collected from buffalo hoof-prints containing strongly saline water, in 
company with those of sundaicus. Hacker (1920) classes it amongst the 
swamp fauna, its most frequent associate being hyrcanus, kochi and 
leucosphyrus, and states that in Malaya it is not dependent upon any 
special type of breeding place, the larvae being frequently found in 
quite dense jungle where there is no grass growing, but only 
decaying grass in the pools, whilst they also occur in pools completely 
in the open. In the Maldive Islands this species breeds in shallow 
fresh-water wells. 


Adult Habits: Venhuis (1942a) records the adults as being found 
with some frequency along stream banks but they also rest in cowsheds 
and in human habitations. In Indo-China, Marneffe, Gaschen and 
Tung (1938) stated that they were found more frequently in houses 
than in buffalo-sheds in the Tonkin Delta, but Toumanoff (1936) records 
them as being markedly zoophilic, attacking animals not only in shelters 
but also in the open, and only occasionally entering houses to feed on 
man. Raynal and Gaschen (1935) recorded precipitin tests on 120 
specimens of which only 2:25 per cent. contained human blood. On 
the other hand, in Formosa, this species is said to remain in houses after 
feeding and to prefer human blood (Yamada, 1926 ; Anazawa, 1931). 
Walch (1932), in a limited series of tests in the Dutch East Indies, 
found none with human blood out of 17 caught in houses where cattle 
were present in normal numbers, but 47 per cent. human positive out 
of 19 tested in a locality where cattle were scarce. Ave Lallemant, 
Soerono and Stoker (1932) in the Dutch East Indies showed that tessellatus 
could cover a distance of over 1,000 yards, whilst Russell and Santiago 
(1934b) in the Philippines recorded a flight range of nearly 2,000 yards 
for this species. 


Relation to Malaria: This species is considered to be responsible 
for malaria transmission in the Maldive Islands, where it is the only 
anopheline so far recorded. Two gland and 4 gut infections were 
encountered among 160 specimens dissected in 1944. It has been found 
naturally infected in the Dutch East Indies, Borneo, Indo-China, Southern 
China and Formosa, but is nowhere considered to play any part of 
aoa as a vector. Records of natural infections are given 

elow:— 
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A , ‘ Num Number] per cent. | 
uthority Locality dissected} infected biete 
Soesilo (1929) .. | Nias, Dutch East 137 | 1 (gut) | 07 

_ Indies | 
Anazawa (1931) —.. | Formosa ? | ? 1-9 
Jackson (1936) .. | Hong Kong, Southern 
China | 40 1 2:5 
Gaschen (1936) .. | Tonkin, Indo-China 51 l(gland)| 2-0 
Marnefle, Gaschen and | 
1 32 l(gland | 2:0 
| 


Tung (1938) .. | Tonkin, Indo-China 
| plus gut) 
Gaschen (1936) remarked that the scarcity of this species in Indo- 


China may be the only factor preventing it from being important as a 
vector. 


umbrosus THEOBALD, 1903 


Distribution: India (Assam only); Indo-China; Andamans; Malaya; 
Sumatra; Riouw; Java; Borneo; Banka; Celebes. 

Breeding Places: Watson (1921) in Malaya recorded the larvae as 
being often found in wells of pure water at a foothill even in sunshine, but 
most frequently in stagnant pools of brown peaty water, or in the slowly 
streaming morasses of the virgin jungle. Swellengrebel and Sweilengre- 
bel-de-Graaf (1919) stated that this species breeds in the Dutch East Indies 
ih slow-running or stagnant clear water with or without vegetation, and 
in old cemented tanks overgrown with weeds, preferably under shade. 
Also in strongly brackish water in nipa and mangrove jungle. It does 
not breed in the hill-land jungle in Malaya (Strickland, 1916). 


Adult Habits: The adults are fierce biters and are found not only 
under shade in the jungle, but also in houses (Watson, 1921; Barber, 
1918; Covell, 1927a). Barber (1918) noted that whilst no exact experi- 
ments had been carried out to test its power or flight, the adults were 
often found in Malaya at some distance from its breeding places, indicating 
that it is a strong flier. Its effective flight range, however, probably 
does not exceed 1,000 yards. Manson and Ramsay (1933) state that 
from investigations carried out in Assam it does not normally feed on man 
in Eastern India. In Malaya, Green (1934) recorded precipitin tests 
on 304 anophelines of various species, amongst which 95 per cent. of 
umbrosus and barbirostris contained human blood. The corresponding 
figures for maculatus and separatus were 93 and 80 per cent. respectively. 


Relation to Malaria: Barber (1918) working in Malaya noted that 
the susceptibility of this species to malarial infection under experimental 
conditions was relatively low, but that it may breed in immense numbers, 
and evidence from laboratory experiments as well as from the condition 
of adults caught in nature indicates that it is relatively long-lived. 
Natural infections have been recorded from Malaya, Borneo andthe 

6 Hodgkin (19384) states that umbrosus, contrary to general belief, does not breed in jungle. 
Also that the importance of umbrosus as a malaria carrier has prabably been overestimated owing 


to its having been confused with the jungle breeding novumbrosus, which he considers to be a 
vector of importance. 
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Dutch East Indies. Barber (1918) in Malaya dissected 261 and recorded 
1 gut and 6 gland infections, with a total infectivity rate of 2:3 per cent. 
In the Dutch East Indies natural infections have been recorded by Walch 
and Soesilo (1929) in Banka (121 dissections, 6 gut infections, 5 per cent.). 
According to Overbeek and Stoker (1937) this species was also found 
infected by Swellengrebel and Schuffner in Sumatra and by Stoker in - 
Borneo. Soesilo et al. (1932) dissected 689 specimens caught indoors 
at Sanggau, Borneo, of which 3 were infected. Soesilo is also credited 
with having recorded an infection rate of 15-2 per cent. in umbrosus out of 
59 dissected in a locality in Pontiniak, Borneo (Overbeek and Stoker, 1937), 


This species is probably too rare to play any part in the transmission 
of malaria in the Andamans. Covell (1927a) collected 2 adult speci- 
mens only and found no larvae, whilst Christophers (1912) encountered 
neither larvae nor adults. 


vagus DONITZ, 1902 


Distribution: India (Assam, Bengal, Bihar, Bombay, Deccan, Central 
Provinces, Chota Nagpur, Gujarat, Hyderabad State, Konkan, Madras 
Fast and West Coasts, Malahar, Mysore State, Orissa); Ceylon; Burma; 
Thailand; Indo-China; Southern China; Formosa; Andamans; Malaya; 
Dutch East Indies; Moluccas; New Guinea; Philippine Islands. 


Breeding Places: The larvae are found typically in small pools 
and puddles, often in the midst of villages. Hacker (1920) notes that 
in Malaya they are most often found alone, but sometimes with those of 
kochi, hyrcanus and barbirostris ; and that they have been found in brackish 
water. Covell (1927a) recorded them in considerable numbers in rice- 
fields in the Andamans. 


Adult Habits: The adults are found in large numbers both in houses 
and in cattlesheds. Venhuis (1942a) observed them resting on stream 
banks in the Dutch East Indies. Toumanoff (1936) stated that they 
almost always contain cattle blood, even when captured in human habita- 
tions. Raynal and Gaschen (1935) recorded precipitin tests on 839 
specimens, of which more than 95 per cent. contained cattle blood. 
Walch (1932) reported tests on 256 specimens caught in houses where 
cattle were present in normal numbers, of which only 1 per cent. were 
human positive, whilst Ramsay, Chandra and Lamprell (1936) found 
less than 1 per cent. with human blood out of 593 tested. The species 
is thus obviously extremely zoophilic. 


Relation to Malaria: Natural infections of this species have been 
recorded in India, the Dutch East Indies and Indo-China, but it is 
nowhere considered to be an important vector. Russell and Rao (1940) 
dissected 6,874 at Pattukkottai, South India, of which one was found with 
degenerating sporozoites (0°015 per cent.). Strickland, Choudhury 
and Choudhury (1933) reported 2 sporozoite infections among 10,452 
dissected in Assam, whilst Viswanathan, Dass and Oommen (1941) 
also in Assam dissected 3,396 all of which proved negative. 


In the Dutch East Indies, Swellengrebel and Swellengrebel-de- 
Graaf (1920) recorded 3,721 dissections with 3 infections (0°08 per cent.).. 
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In Indo-China, Toumanoff (1936) reported 1 gland infection out of 2,625 
dissected in Tonkin (0-07 per cent.), and Marneffe, Gaschen and Tung 
(1938) at Binh-Ha in the Tonkin Delta dissected 216 with 1 gland 
infection during an epidemic ascribed to sinensis. 


varuna IYENGAR, 1924 


Distribution: India (Assam, Bengal, Bihar, Bombay, Deccan, Chota 
Nagpur, Gujarat, Konkan, Madras East Coast, Malabar, Mysore 
State, Orissa, United Provinces); Geylon; Burma; Southern China, 


Breeding Places: Stagnant water in pools, ditches, welis, slow-running 
streams and irrigation channels. Iyengar (1924) stated that it was most 
prevalent during and immediately after the monsoon rains, when it 
breeds in collections of storm-water by the roadside, often in company 
with tessellatus and barbirostris. 


Adult Habits: The adults are found both in cowsheds and human ` 
habitations, and feed readily on man. Senior White (1941), in the 
vicinity of Vizagapatam, recorded that this species formed 65 per cent. 
of the total catch in cattlesheds in one area between February and 
August, but only 4-5 per cent. of the whole year’s catch in another. He 
ascribed this difference to the preference of varuna for a certain type of 
shed, a structure of palmyra thatch carried down almost to the ground, 
which is common in that district but not general. He notes that it appears 
to be purely a cattle feeder in this area. 


Relation to Malaria: This species is a proved vector in certain 
areas though it appears to be innocuous in others. In Travancore, 
Mathew (1939) dissected 429 specimens with an oocyst rate of 2-3 and a 
sporozoite rate of 1-6 per cent. and considered it a dangerous carrier. 
Iyengar (1928) reported 1 gland infection out of 25 specimens dissected 
in the Hooghly Delta and Roy (1939) dissected 113 specimens near 
Calcutta and recorded 4 gland infections (3°6 per cent.). Senior White 
and his colleagues have reported a number of natural infections in this 
species in the Jaipur and Singhbhum Hills and Eastern Satpura Ranges 
as shown below :— 




























| Num- | GUTS GLANDS 
' ber INFECTED INFECTED 
Authority Locality | dissec- 
| ted |Num-| Per | Num-| Per 
| | ber | cent. | ber | cent. 
Senior White (1937) .. | Jaipur Hills: | | 
ChatikonaSummit 231 | 22 | 9°5 13 153 
Various villages | 317 26 |8:4 15 | 47 
Senior White (1938) .. | Jaipur Hills | 225 | 20 | 8:9 9 | 4:0 
Senior White and Das | f 
(1938) .. | Singhbhum Hills| 189 8 | 4°2 2 $171 
Señior White and j | 
Narayana (1940) .. | Singhbhum Hills; 153 8 152. 312" 
Senior White and i 
Eastern Satpuras| 386 |. 14 | 3°6 12 | 3°] 


Adhikari (1940) 
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On the other hand in the vicinity of Vizagapatam, varuna appears 
to play little or no part in transmission, for though it is presentin abun- 
dance, malaria incidence remains very low and all dissections have so 
far proved negative (Senior White, 1941). Covell and Pritain Singh 
(1942) recorded 450 dissections of this species in the Orissa coastal belt, 
all of which proved negative, and Russell and Rao (1940) dissected 
505 at Pattukkottai, South India, with a like result. It seems possible 
that the form occurring along the eastern coast of India from Orissa 
to Madras and further south may belong to a different biological race 
from that found in the hills of Central India and in deltaic Bengal. 
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APPENDIX XII 
Anti-Malaria Unit—Indian War Establishment 























Head- | Four | 
quarters (each) | cee 
(i) PERSONNEL | | | 
Officer | | 
Captain or lieutenant (a) | 1 as | 1 
Indian—JAMC l | | 
Viceroy’s Commissioned Oficers” is as 
Subedar (b); . : l "n 1 
Subedar (General Duty) _ ‘ - 1 T 1 









































Total VCOs | 2 y | 2 
Havildars | | 
Stores section grade III . ġa | 1 e 1 
Ambulance section La | ] 4 
‘Total havildars | 1 | 1 5 
Rank and file | | 
Ambulance section 
Naiks (c)  .. er I 4 
Sepoys (batmen) -| 3 ʻa 3 
Total rank and file, Indian | Y | 1 7 
Total Indian other ranks 4 | 2 | 12 
| 
Total all ranks, Indian 6 | 2 | 14 
Non-combatants (enrolled) E 
General Section—IAMC | 
Cooks, IT .. KA s5 Ba bra | as 
Water carriers, grade it eS oe 2 2 
Ward servants, grade I (c) >i sa T 6 24 
Sweeper, grade II is es de l 1 
Tinsmith, grade IT... E + l 1 
Labourers .. a “3 es 25 25 
Total non-combatants (enrolled) 31 6 55 
Attached i 
Drivers, MT, RIASC ne ae "o we 
e SNA AE 


Not included in the above i 








Ist reinforcement (basic i ' 
Ambulance section sepoy, IAM . 
Labourer p 
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ee  _ _ _ ea WN, e A 
Four 

Head- | Sections |. Total 
quarters; (each) 





A 
(di) TRANSPORT 


e ta ¡E 
nipin an T T T 12 T 12 
Jeeps (d) T «wr y 1 Ti 1 
Tracks, 15-cwt., GS 2 2 

Total rebel (excluding bicycles) 3 | ss. 3 


(a) . May be a non-medical officer. 

(b) May be replaced by a subaltern IAMC trained in anti-malarial 
duties. 

(c) Trained in anti-malarial duties. 

(d) For commanding officers. May be replaced by a truck, 15-cwt., GS 


APPENDIX XIII 


Malaria Bureau Bulletins in the Health Bulletin Series! 


No. 


No. 


i 


2. 


«13, 


Lectures on malaria. By G. Covell, 4th edition, 1948. 
As. 5 or 6d. 


Synoptic table for the identification of the anopheline mosquitoes 
of India. By S. R. Christophers, J. A. Sinton, G. Covell 
and P. J. Barraud. 4th edition, revised, enlarged 
and illustrated by 1. M. Puri. 1947. Rs. 1/6 or 2s. 6d. 


Anti-mosquito measures with special reference to India. By 
G. Covell. 7th edition, 1946. As. 8 or 9d 


Table for the identification of Indian fresh water fishes with 
description of certain familtes and observations on the relative 
utility of the probable larvivorous fishes of India. 
2nd edition, revised and enlarged. By S. L. Hora 
and D. D. Mukerjee. 1938. As. 7 or 8d. 


Instructions for collecting and forwarding mosquitoes. By 
j..A. Smton. 4th edition, revised by I. M. Puri, 
1949, As 8 or 9d, 


How to do a malaria survey? By S, R. Christophers, 
J. A. Sinton and G. Covell. 5th edition, 1944, Rs. 
1/12 or 2s. 6d. 


Synoptic table for the identification of the full-grown larvae 
of the Indian anopheline mosquitoes. By 1. M. Puri. 6th 
edition, 1949, Rs. 3/6 or 5s. 6d. l 


The distribution of anopheline mosquitoes in India. By G. Covell. 
2nd edition, revised and brought up to date by I. M. 
Puri, 1936. As 6 or 8d. 


A practical entomological course for students of malariology. 
By P. J. Barraud. 4th edition, revised by I. M. Pun, 
1948, Rs, 1/12 or 2s. 6d. 


Man-made malaria in India. By J. A. Sinton and Raja Ram. 
3rd edition, revised by G. Covell, 1949. 


Handbook of common water and marsh plants of India and 
Burma. By ©. C. Calder and K. Biswas. 1937. Rs. 
2/12 or 5s. 

Prevention of malaria incidental to engineering construction. 
By H. W. Mulligan and M. K. Afridi, 1938. As. 

- 7 or 8d. 

What malaria costs India. By J. A. Sinton, 1939. As. 
14 or Is. 3d. 


1! These bulletins are obtainable from the Manager of Publications, Government of India, 
Publication Branch, Civil Lines, Delhi-8. 
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APPENDIX XV 


Method of Staining With J. S. B. Stain 


The usual precautions in the preparation of blood smears are 
necessary, and, to obtain satisfactory results, the slides should be as free 
from grease as possible. The thick smear should be spread evenly, 
otherwise de-haemoglobinisation and staining will not yield the desired 
results, The thin smear should preferably be one cell thick, so that the 
red blood corpuscles take up the stain uniformly. Old smears taken 


darag the hot weather stained after some months gave consistently good 
results. 


Thick and thin smears taken on the same slide can be easily stained. 


TECHNIQUE 


(i) Fix the thin smear by dipping the slide in a jar containing 
methyl alcohol for a second or two. Do not fix the thick smear. 
(ii) Dry thoroughly, preferably by waving the slide in the air. 
(iii) Immerse the whole slide in Solution I for thirty seconds. 


(iv) Wash in a jar containing acidulated tap water (pH 6-2 to 
6-6). With tap water in Delhi (pH 7-6, indicator bromothymol-blue) 
approximately 50 mg. of sodium dihydrogen phosphate or five drops 
of 5 per cent. acetic or citric acid solutions for each 100 c.c. of water are 
necessary. 


(v) Stain with Solution 11 for one second. 
(vi) Wash in the same jar for a couple of seconds. 
(vii) Immerse in Solution I again for thirty seconds (iii). _ 
(viii) Wash as above for ten seconds or till the smear gives a 
pink background (iv). 
(ix) Dry and examine. 


THICK SMEAR ALONE 


(i) Immerse the slide in Solution I for ten seconds. 


(ii) Wash in a jar containing water acidulated (pH 6-2 to 6:6) 
for two seconds. 


(iii) Stain with Solution II for one second. 
(iv) Wash in the same jar (11) for five seconds. 
(v) Immerse in Solution I again for ten seconds. 
(vi) Wash as above for two seconds or till the smear gives pink 
background (il). 
(vii) Dry and examine. 


The total time taken for staining a combined thick and thin smear 
is one minute and twenty seconds, and for a thick smear only thirty 
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seconds. The latter period can be shortened to ten seconds but with old 
or very thick smears it is preferable to follow the above timings. 


When a large number of blood smears have to be stained, special 
racks, holding 20, 25, 30 or 100 slides, and troughs of suitable sizes can be 
used to save time. i l 
i 'The results achieved with this staia were striking, and. the staining 

characteristics of the chromatin, cytoplasm, pigment and stippling can 


a 


be differentiated in the same manner as with any of the Romanowsky's 
stains. 

In a thick smear, the malaria parasites show the usual appearances 
of the parasites with a background made up of haemolysed red blood 
corpuscles. The parasites may appear either free or within the red 
cells. The young parasites usually appear as rings, semicolon or 
semilunar in shape, but they may be shrunken or distorted. The mature 
forms (trophozoites, schizonts and gametocytes) retain their shape well 
“and the chromatin and cytoplasm stain intensely, with pigment showing 
up distinctly. Red blood cells infected with P. vivax show characteristic 
stippling. The Maurer’s dots in P. falciparum infections can often be 


clearly seen. 

In a thin smear, red blood corpuscles should appear faint pink or 
orange coloured, depending upon the extent of washing. The immature 
red corpuscles can be recognised by the polychromatic appearance of 
the cytoplasm and their characteristic nuclei, The other cellular 
elements of the blood stain in the same manner as with Giemsa or 
Leishman. Stippling in P. vivax and P. falciparum is seen better in a thin 
than in a thick smear. The stain is equally useful for the demonstration 
of sporozoites, trypanosomes, Leishman-Donovan bodies and oocysts 
in the stomach of infected mosquitoes. 

Other additional advantages are:— 

Wastage in staining solutions has been minimised. The same 
solutions can be used for a long period with occasional replenishment. 

With age and use the stain does not deteriorate, and the technique » 
of staining is simple. , 

There is no necessity for using distilled water at any stage. 
Ordinary tap water or boiled water slightly acidified is all that is required. 

Thick and thin smears taken on the same slide can be stained 
simultaneously in a short time (within one minute and twenty seconds) 
and a thick smear alone in about thirty seconds, These timings can be 
varied slightly to suit individual requireménts. The time taken in drying 
the film has not been taken into consideration as this will differ under 
varying atmospheric conditions. 

Smears, several weeks old, can be stained satisfactorily, and the 
blood picture, obtained in both thick and thin smears, compares favourably 
with the original Romanowsky’s stain and its various modifications. 
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CHAPTER XIV 


Some Aspects of Military Preventive 
Medicine 


The conception of military preventive medicine has, during recent 
years, undergone a marked change. It is concerned not only with the 
prevention of disease and proper feeding of the soldier but in addition it 
deals with all matters which are calculated to promote his physical 
fitness and efficiency. It treats the soldier as the basic unit of a military 
organisation and recognises that his average mental and physical 
efficiency must, ultimately, determine the degree of success which his 
unit may attain. Personality and morale building activities, such as 
the provision of suitable recreational facilities and the improvement of 
environmental conditions, have a beneficial effect on the physical well- 
being of the soldier and constitute a phase of military medicine which is 
gaining increasing importance. Their lack, however, may not be pro- 
ductive of disease, but will have a depressing effect on his morale and 
ultimately the physical fitness. Modern wars demandg¥ery high physical 
and intellectual standards and measures are taken to"select the best men 
and put them to suitable employment proportiona'É to their capacities. 
The large numbers of combatants and others required in a major war, 
also postulate that the rejection rate of recruits is reduced to the absolute 
minimum. 

The fundamental principles of preventive medicine are the same 
whether applied to the military or civilian population. The differ- 
ence, however, lies in the method of their application, particularly in view 

,of the environments peculiar to military life and the composition of 
military personnel; they belong mostly to age groups which possess the 
highest powers of endurance and resistance to disease and are recruited 
generally from the fitter and more healthy elements of society. 


During peace-time the conditions under which the troops live in 
garrisons or military stations are conducive to the attainment of a high 
standard of health and physical fitness. The military station, however, is 
a part of the surrounding civil community, and diseases prevalent amongst 
the civilians may spread into military areas or vice versa, unless preventive 
measures are adopted. Diseases, which prevail in an epidemic form 
among the troops, are of importance from the military point of view in so 
far as they interfere with the attainment of military objective. 
The principal aim of disease control in the army is to keep as many 
physically fit as possible for duty and thus keep the non-effective rate to 
the lowest limit. A disease, which, because of its high fatality or disabling 
sequelae, is of great importance to civil community or the individual con- 
cerned, may not be of much consequence to a military force because of 
its negligible influence on the non-effective rate. On the other hand, 
diseases which are not fatal or have only a low mortality but render large 
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numbers of men non-effective or reduce their effectiveness as a whole for 
training or combat, exert the greatest influence on the efficiency of a 
military force or military operations. For example, malaria, diarrhoea, 
dysentery, measles, mild respiratory infections, mumps and venereal 
diseases are normally of greater importance in the army than more fatal 
diseases such as meningococcal meningitis because they interfere, if 
uncontrolled, to a greater extent with training or combat activities. 


The military hygienist has some advantage in the practice of preven- 
tive medicine over his civil compeer who deals with a more heterogeneous 
population living under widely varying conditions of life. The condi- 
tions which confront the military hygienist are also in some ways different 
from those met with in civilian population. The soldier, during 
training and active operation, has necessarily to live under crowded 
conditions with restricted means of sanitation and is often exposed to 
fatigue, diseases and inclemencies of weather. There is also an inevitable 
- close mingling of non-immunes with immunes including healthy carriers. 
There are greater opportunities for the transference of disease owing to 
close association amongst the soldiers, and if preventive measures are 
not effective and swift, serious loss of manpower may occur. ‘The supplies 
of rations often fail or run short and even their quality cannot always be 
guaranteed. At the same time, comparatively greater facilities exist 
for the applicatiqn of measures for the control of diseases. ‘The military 
personnel can bo $ubj ected to physical examinations and prophylactic 
inoculations without, any difficulty, whenever necessary. Being housed 
and fed in a group, at is generally easy to exercise control over their 
environmental sanitation and over the articles of food and drink consumed 
by them. Military hygiene, in short, is the story of man’s struggle 
against conditions created by him in military life. 


BATTLE AND NON-BATTLE CASUALTIES 


Non-battle casualties, which mostly consist of diseases, have in the 
past been 15 to 31 times higher than battle casualties from bullets, 
bayonets, and shrapnels. The ratio of battle to non-battle casualties 
was 1:20:25 in the Macedonian Campaign (1915-18), 1:31:40 in the 
East African Campaign (1916-18) and 1:15:58 in the South-West African 
Campaign (1914-15). During World War II, the ratio of battle to non- 
battle casualties on the Indo-Burma front, Burma and SEAC (excluding 
er was 1:204 in 1942 and 1:13 in 1945. Details are given in 

able I. 


The fact that loss of manpower caused by disease had often exceeded 
the casualties due to war wounds in the most sanguinary campaigns was 
so well recognised by thoughtful military commanders in the past that 
they spared no efforts in looking after the health and well-being of their 
men. These efforts can be traced to the earliest times when great military 
leaders groped earnestly, if at times blindly, after the truth in their en- 
deavour to prevent sickness from hampering their campaigns. 


DISEASES CONNECTED WITH WAR 


Broadly speaking, the incidence of all diseases is apt to increase in 
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war, but there are some diseases which are more peculiar to operational 
conditions than others and cause serious loss of manpower. They are 
generally preventable. Dysentery is the most important of these. In 
certain countries and in certain seasons, malaria is an equally deadly 
enemy of the troops. The enteric group of fevers, typhus, malnutrition 
and scurvy have offered serious problems in the past in military campaigns. 
Military hygiene has to its credit not only the conquest of these diseases 
during wars, but also the successful prevention of such diseases as small- 
pox, yellow fever, tetanus and undulant fever, 


TABLE I 


Battle and non-batile casualties —All forces (Indian, British, East African and 
West African) —Indo-Burma Front, Burma and SEAC (excluding Ceylon) — 
1942 to 1945, 

















September ) 


Admission to hospital Ratio of 
—_—_—_——— - -c battle 
Year Actual number | Rate per 1,000 casualties 
e e e to non- 
Non-battle! Battle | Non-battle} Battle | battle 
casualties | casualties | casualties | casualties casualties" 
1942 .. .. | 1,78,139 872 921-14 | 4:51 | 1 : 204 
1943 .. s» | 5,31,719 3,735 1,196: 10 8-40 1 : 142 
1944 .. .. | 541,575 | 24,680 | 1040-91 | 47:43 | 1:22 
1945 .. .. | 2,113,047. 16,188 384-13 | 29-19 1:13 
( January to 


| 


Dysentery: Dysentery has long been known by the name of camp 
disease and has been invariably connected with active military opera- 
tions when a strict adherence to the sanitary principles is not always 
possible and sanitation tends to conform to a primitive pattern. Preva- 
lence of flies in large numbers is the inevitable concomitant of breakdown 
in sanitation, and their role in the spread of this disease is too well known. 
It is said that flies and dysentery in ancient Egypt were responsible for 
the Pharaoh’s decision to let the turbulent Israelites depart from that 
country. In Wellington’s Peninsular War, the incidence of dysentery 
was 1,000 per 1,000 per annum. A notable example of the calamity 
that overtook an armed force and narrowly saved them from defeat, 
was Henry V’s expedition to France over 500 years ago. Of the 15,000 
troops in his force 6,000 died of dysentery including Henry V himself. 
Coming to more recent times, we find that in the Dardanelles Campaign 
from April 1915 to January 1916, 29,728 persons went down with 
dysentery giving a hospital admission rate of 253-94 per 1,000. Similarly 
in the Mesopotamian Campaign in 1914, 3,476 persons were admitted 
to the hospitals giving a rate of 109-06 per 1,000. During World War H, 
General Rommel's forces in Africa suffered severely from dysentery, and 


¡Approximately 96 per cent of battle casualties were due to sickness and the remaining 
mostly due to accidental injuries. 
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this possibly was one of the factors of his defeat by the Allies. Bad sanita- 
tion is generally responsible for the prevalence, of dysentery and the 
conquering troops have often suffered from it soon after the occupation 
of infected areas formerly occupied by the enemy. 

The incidence of dysentery in 1944 among the Indian troops in 
India was 16:2 per 1,000 as against 17-1 per 1,000 in 1939, the incidence 
among the British troops being 72°5 as against 29-0 per 1,000 during the 
same period in India. In the SEAC, dysentery was next to malaria the 
most important cause of sickness during World War If. The incidence 
of dysentery is given in Table II. 


Tase 11. 


Incidence (actual number and rate per 1,000) of dysentery—All forces— Indo- 
Burma Front, Burma and SEAC (excluding Ceylon)—1942 to 1945. 


Year Actual number | Rate per 1,000 
1942 .. a 11,438 59°14 
1943 .. me 21,183 47°65 
1944 .. ga 28,022 53:86 
1945 .. it 10,379 18:71 
(January to September) 


The marked improvement noticed in 1945 was due to the increasing 
use of DDT in the control of flies and the use of sulpha drugs for the 
treatment of bacillary dysentery. 


Malaria: Malaria, although not universally present, has decided the 
fate ofmany campaignsin the past. It was responsiblefor the ruin of armies 
of ancient Greece and Rome. In the not too distant past, out of 70,000 
British troops that landed on Walcheren on 1 August 1809, 35,000 had 
contracted malaria by 10 October 1809, and 10,000 died as a result of 
the disease. In 1826,a force of Indian and British troops landed in Arakan 
during the first Burma War. Within a few weeks, 5,000 were struck down 
by malaria. Nearly every one in the force suffered from the disease. Of 
the total British troops, three-quarters died. In the East African Cam- 
paign in 1914-18, there were 72,141 cases of malaria in 1917 out of a 
force of 1,94,681. In the Macedonian Campaign of 1915-18, there were 
162,157 cases of malaria giving an average annual rate of 463-58 per 1,000 
for hospital admission. 


The principles underlying the causation of malaria are well under- 
stood and during peace-time it requires only time and money to control 
the disease. By organised anti-malaria measures most of the canton- 
ments in India had been freed from malaria by 1938. The rate of 
admission to hospital per 1,000 of British troops fell from 217-8 in 1919 
to 50:4 in 1938. With the coming of the war in 1939, troops were 
scattered all over and many of them were in malarious regions. The 
problem of control under active service conditions is difficult but still 
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striking results were obtained in the Burma Campaign in 1945 as is 
shown in Table III. 


TABLE III 


Incidence (actual number and rate per 1,000) of malaria—All forces—Indo-Burma 
Front, Burma and SEAC (excluding Ceylon) —1942 to 1945. 


SETS en AS pln igh <p  f 





Year Actual Rate per 
number 1,000 

1942, ..| 76,348 | 394-79 

1943... .. | 2,18,477 491-46 

1944, .. | -1,71,138 328-93 

1945 .. | 26,211 47:26 


(January to September) 


a a, 


Enteric Group of Fevers: The enteric group of fevers has in the past 
played havoc with armies. They have a higher death rate than dysentery 
though much lower incidence. The incidence of enteric fever was 
probably high in the early wars, but with the advent of prophylactic 
vaccine (TAB) it has practically been brought under control. The 
admission rate per 1,000 for enteric group of fevers in India had fallen 
from 200 per annum, a hundred years ago, to 0°5 per 1,000 for Indian 
troops and 0:7 for British troops in 1943. The control of enteric group 
of fevers has been an outstanding achievement in the field of preventive 
medicine. The incidence of enteric group of fevers on the Indo-Burma 
Front, Burma and SEAC (excluding Ceylon) during World War II is 
given in Table IV. 


TasLe IV 


Incidence (actual number and rate per 1,000) of enteric group of fevers—All forces— 
Indo-Burma Front, Burma and SEAC (excluding Ceylon) —1942 to 1945. 


tte 














Year Actual Rate per 
number 1,000 
1949 .. | 184 | 0:95 
1943 .. 298 0-44 
1944 en a 155 0:30 
1945 ks pi 110 0:20 
(January to September) 








Cholera: This disease had been a dread in the past for troops in 
barracks and in the field. Outbreaks of cholera occurred in World 
War I in Austria, Germany, Russia, Turkey, Palestine and Mesopotamia. 


438 PREVENTIVE MEDICINE 


Except for a few localised epidemics the Indian and British troops during 
World War II were mostly free from it. Cholera is essentially a water- 
borne disease and the freedom of troops from it was due mostly to im- 
proved methods of water supply and insistence on chlorination under all 
conditions, and the liberal use of water sterilising tablets in the case ofsmall 
parties of troops on patrol and other duties. 


Yellow Fever: Yellow fever has been a terror for troops operating 
in areas where the disease is endemic, such as in certain parts of Africa, 
West Indies, South America, etc. Drake lost 500 men out of the 1,000 
he took with him in his expedition to Sao Thingo, from a disease which 
from the description given appears to be yellow fever. In the years 
1740 and 1741, a British squadron lying off Jamaica lost 1,600 men on 
account of deaths in hospitals ashore from yellow fever. An even greater 
number died in the ships. In the early nineteenth century, out of every 
1,000 soldiers and sailors in Jamaica, 130 died each year from yellow 
fever. In 1800, Napoleon launched an expedition of 30,000 French 
troops against Hispaniola and lost 23,000 as dead from yellow fever. 
In India, the conditions for the spread of yellow fever are favourable, once 
the virus is introduced in the country through the greatly accelerated 
aerial traffic in modern times. Aedes mosquitoes are responsible for the 
transmission of this disease. By adopting measures for their control at 
airport, the use of yellow fever vaccine and strict port quarantine measures, 
the disease was kept out of India during World War II in spite of consi- 
derable traffic between the country and the endemic zones. 


Brucellosis: Undulant fever has been known in the Mediterranean 
region for centuries. It became a disease of military importance in the 
year 1854 when convalescent British soldiers were sent to Malta from the 
Crimean War to recuperate. Many ofthem there developed a fever which 
was called Mediterranean gastric remittent fever. This was responsible 
for a considerable amount of sickness in the naval and military garrisons 
at Malta. In 1884, David Bruce, who two years later discovered the 
causal organism, reported that out of the small garrison at Malta, 600 
to 700 soldiers and sailors contracted Malta fever every year. With the 
discovery of Brucella melitensis and Br. abortus-sui group a great deal of 
research work was undertaken by military medical officers, and it was 
not until 1905 that a committee under the chairmanship of Bruce esta- 
blished the goat’s milk as the main vehicle for Br. melitensis infection in 
men and the goat as the reservoir of infection. Other varieties include 
bovine and porcine strains of Br. abortus contracted from cow’s milk, or 
contact with infected animals, their excreta or carcases. Following these 
discoveries, brucellosis practically disappeared from the army. This 
fever is sometimes met with in northern India and certain parts of Punjab. 
The incidence amongst troops during World War II was not. high, but 
It is possible that minor degrees of infection were missed. It occurred 
more commonly in Indian than British troops in India. 


Typhus Fever: Typhus fever was the scourge of armies and navies 
up to World War I. It is essentially a disease of cold climates and had 
been prevalent in England and the whole of Europe from the times of 
Norman Conquest up to recent period. It was known by various names 
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such as ‘jail fever’, ‘ship fever’, ‘camp fever” and ‘ barrack fever”. 
Wellington was possibly familiar with the methods of transmission of the 
disease as he wrote to the Prime Minister of England from Spain that 
the “ next draft sent to him should not be as lousy as the last one ”. 
Nelson lost more men from typhus than from casualties inflicted by the 
French. Conditions on warships were in those days appalling. Men 
had to live under crowded conditions between decks without facilities 
for washing or changing their clothes. Typhus fever epidemics (of the 
X19 types) have now become rare in the British army and navy. Its 
aetiology is now known. Bathing and disinfestation facilities, provided 
as common amenities for military life, can eradicate lice, as also the new 
method of impregnating clothes with DDT. The vaccine prepared 
from rickettsia bodies grown on chick embryo confers protection against 
the disease in a large number of cases. 


In jungle regions such as those of South-East Asia, the mite-borne 
typhus fever can be a hindrance to military operations; but the use of 
dibutyl phthalate (DBP) as a mite repellent and the availability of a 
successful vaccine in future will probably not allow the disease to become 
a serious problem to the future military commanders. 


Malnutrition: Malnutrition was noticed in most campaigns and 
voyages in the past, but the task of feeding the soldiers and sailors had 
always been a difficult one. Beriberi and scurvy used to be very 
common. 


Scurvy had mostly been a disease afflicting seamen, but military 
history contains many examples of beleaguered cities having to capitulate 
on account of scurvy. Probably the greatest outbreak occurred in the 
Mesopotamian Campaign in 1916, when in six months 11,500 Indian 
troops were admitted to hospitals. Energetic action was taken success- 
fully to stop the disease at the end of 1916, and this saved the Mesopota- 
mian Expeditionary Force from annihilation, The picture during World 
War II was quite different. Beriberi and scurvy hardly offered any 
problems. Compound vitamin tablets were available in adequate 
quantities. The rations generally were on an ample scale although at 
times it was difficult to deliver them. The general health of troops on 
the whole remained satisfactory in operational areas. 


Venereal Diseases: Wenereal diseases have been responsible for 
causing appreciable wastage of manpower particularly when troops 
are not engaged in operations and happen to be posted in the midst or 
neighbourhood of large civilian populations. With the discovery of more 
effective drugs and insistence on better standards of cure, these diseases 
can be kept in check, provided they are coupled with the provision of 
better recreational facilities and lessening of opportunities to contract 
infection. About 54 years ago, the admission rate to hospitals for British 
troops in India on acount of these diseases used to be 500 per 1,000, 
whereas it came down to 72-0 per 1,000 in 1944. For Indian troops the 
rate per 1,000 in 1944 was 48-7. 


Other Diseases: The reduction in the incidence of most of the 
diseases which used to exact a heavy toll of morbidity and mortality has 
been a great achievement for military preventive medicine. By a system 
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of efficient vaccination at the time of enrolment of recruits and subsequent 
re-vaccination, smallpox has been practically banished from the army. 
Plague was essentially a disease of the base and L of C or besieged towns. 
It hardly affected troops on the move. An efficient vaccine for protection 
against plague is available now. Aetiology of plague is well known and 
the adoption of anti-rat measures in military areas have provided an 
effective safeguard against it. Skin diseases have caused considerable loss 
of manpower during campaigns. In World War II tinea infections were at 
times responsible for 50 per cent. of the British cases admitted to hospitals 
in the South-East Asia theatre. Skin diseases ranked ninth among the 
causes of morbidity among the troops in this region. Lack of adequate 
facilities for bathing and excessive perspiration in tropical climates are 
important factors in the causation of skin affections. With the provision 
of better facilities for keeping the skin clean, regular inspections and early 
treatment, the incidence of skin diseases was considerably reduced. 


CHAPTER XV 
The Organisation of Hygiene Services 


PEACE-TIME HYGIENE ORGANISATION 


In order to fully appreciate the developments that took place in 
the hygiene organisation of the Army-in-India, it may be worth-while 
going back to the year 1939, before the outbreak of hostilities in Europe, 
considering the organisation as it existed then and following its subse- 
quent growth. The DMS, as the head of military medical organisation 
in India, was responsible for technical advice to the Commander-in- 
Chief on all matters pertaining to the health of the Army-in-India; and 
in that capacity he had the right of direct access to military chief. 


The DDH & P at the Army Headquarters was the expert adviser 
of the DMS in India on all matters relating to the health of troops. He 
kept in touch with the ADsH € P of the commands and the DADsH 
of districts. He was assisted by an ADH & P in his work at the Army 
Headquarters. 


The DDMS of a command, in his turn, was responsible for advising 
the General Officer Commanding-in-Chief on all questions affecting the 
health of troops in the command, and in the discharge of such duties 
he obtained expert advice from the ADH & P authorised for each com- 
mand; there being an exception in the case of Southern Command which 
had an ADH instead. These officers kept themselves in touch with all 
the problems relating to the health of troops and with the DADH of the 
districts within their jurisdiction. They maintained liaison with the 
civil medical and public health authorities of the provinces and the rail- 
ways. In this manner, they were able to keep themselves informed of all 
such changes in the hygienic conditions of the civilian population as were 
likely to prejudice the health of the troops. | 


Each district had a DADH who advised the ADMS on all problems 
of the health of troops in the district. Like the ADH & P of the com- 
mand, the DADH of the district also kept in touch with the local health 
authorities. 


The senior executive medical officer (SEMO) of a military station 
was the health officer of the cantonment or the station and the adviser 
of the station commander on health matters. He was also a member of 
the cantonment board and performed such sanitary duties as were laid 
down for him in the Cantonment Act. In certain military stations, 
a military medical officer was appointed as an assistant health officer of 
the cantonment and, in addition to his other duties at the local hospital 
or dispensary, he performed such sanitary duties as were allotted to him 
by the health officer. 


A medical officer from a local military hospital was attached to 
each unit in the station for medical and sanitary duties. He was the 
adviser of the officer commanding of the unit on all matters affecting the 
health of troops in his charge. He imparted instructions to officers and 
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men in hygiene, from time to time, and trained selected regimental 
personnel in general sanitary and water duties. The officer commanding 
of a unit was responsible for the sanitation of the area occupied by his 
men as well as for their health and welfare, and the medical officer 
attached to the unit acted as his adviser not only on sanitation but on 
such matters as rations, food, nutrition, fitness of troops and followers, and 
measures to be adopted for the control of infectious diseases, etc. The 
medical officer’s executive authority extended only over the regimental 
hygiene establishment; for the efficient performance of whose duties he 
was responsible to the officer commanding of the unit. 


The regimental hygiene establishment consisted of sanitary and 
water duty detachments. The former was composed of one NCO 
and eight men provided by the battalion for general sanitary work. 
They also acted as sanitary police, In addition, sweepers were allotted 
on the scale of nine per Indian battalion, ten per British battalion, five 
per field company and three per battery of Royal Indian Artillery or 
Royal Artillery. The water duty detachment consisted of one NCO 
and four other ranks per battalion, two men per field company and 
divisional signal company, etc., provided by the unit. Their duties were 
confined to the care of all apparatus and stores connected with the water 
supply of the unit, and to the daily supervision of the water supply and 
its purification for drinking purposes. 

It will thus be seen that the hygiene organisation extended from the 
Army Headquarters down to the smallest unit. 


HYGIENE ORGANISATION IN 1939 
Army He adquarters 





aan & P 
ADH & P 
| 
Northern Command Eastern Command Southern Western 
Command Independent 
| District 
- | 
ADH & P ADH & P - ADH DADH 
| | 
Districts Districts Districts | 
Pis kaver p DADH Meerut-One DADH Bomba yl One 
ohat or both ; One DADH 
Rawalpindi | One DADH F pu nana Perécan f each 
Waziristan for both  *» sam | for both 
Lahore—One DADH 
I 
Military stations Military stations Military stations Military stations 
| 
Each a SEMO Each a SEMO Each a SEMO Each a SEMO - 
Unit medical Unit medical Unit medical Unit l edie 


officers officers officers — officers 
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With the expansion of the Army-in-India the volume of work 
increased to such an extent at the GHQ, (India) that the creation of an 
appointment of ADH was considered necessary in 1941, in order to relieve 
the DDH £ P of a part of his work. Later on the appointment of ADH 
& P was converted into that of ADP. For the next three years the expan- 
sion of the army proceeded apace and along with it grew the volume of 

,roujine hygiene work and other matters of minor importance. To deal 
with routine work an appointment of DADH was created at the GHQ, 
(India) towards the end of 1944. This left more time to the ADH to 
attend to more important matters especially those involving questions of 

. policy. He could also visit headquarters of armies and commands and 
could gain first hand information whenever necessary, 


As the army expanded the need for the training of officers and men 
in field hygiene work began to be acutely felt. The training of medical 
personnel was carried out in different schools and centres up to the end 
of 1942. The training was not a continuous planned process, but re- 
mained the concern of independent centres, each having its own standard 
of efficiency. There was thus no uniformity in the standard attained. 
With a view, therefore, to achieving better results the Army Medical 
Training Centre (AMTC) was established at Poona in December 1942. 
The different training centres and schools were merged in this. The field 
hygiene training centre established in 1941, at Rawalpindi, became part 
of the AMTC and was later on converted into the Army School of 
Hygiene, in February 1943, with greatly expanded staff. It was located 
at Babina. Within a couple of months of the formation of the AMTC, 
the increasing demand for medical personnel for field medical units made 
it abundantly clear that it should be expanded at the earliest opportunity 
so as to be able to turn out 150 trained medical officers per month. A 
reorganisation of the AMTC took place, and, in May 1943, the Army 
School of Hygiene was separated from it and became a separate school 
under the Medical Directorate, GHQ (India). The school provided 
courses of instruction varying from one to two weeks in hygiene for regi- 
mental officers, medical officers and VCOs. Similarly, IORs and BORs 
were given instructions for two weeks in sanitary and water duties. All 
field hygiene sections were then raised. at Babina under the supervision 

. of the commandant of the school. 

In the middle of the year 1942, the Northern, the Western and the 
Southern Commands were reorganised into North-Western, Eastern and 
Southern Armies. A new command designated as the Central Com- 
mand was set up. After the completion of the reorganisation of com- 
mands in the middle of 1942, the Eastern Army consisted of Assam 
Division, IV Indian Corps and XV Indian Corps. Shortly, afterwards, 
the need for the reorganisation of the rear areas of the Eastern Army was 
felt because of their extensive size. The corps operational areas, too, 
were large in size and it appeared quite obvious that the corps comman- 
ders should not be burdened with the duties of administering these rear 
areas. The corps and divisions had to be kept mobile to facilitate moves 
from area to area without upsetting the control of all static units in the 
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army area. Consequently, in 1942-43, the whole of the rear area of the 
Eastern Army was divided into a number of sub-areas. Similar changes 
took place in the Southern Army. 

With the decision to form the SEAC for the conduct of operations 
in the east and to use the India Command as a base for the purpose, it 
became necessary, in October 1943, to split up the Eastern Army into a 
command to be called the Eastern Command and an operational army 
to be known as the Fourteenth Army, which came under the control of 
the SEAC. 

On account of the increase of hygiene work at the headquarters of | 
the commands and armies, appointment of DADsH were created to 
relieve the ADH of a part of his work. The headquarters of each L of C 
area as well as those of certain sub-areas were provided with DADsH, . 


Hygiene Organisation in India in 1944: The hygiene organisation in 
India had expanded considerably by the year 1944, as will be seen from 
the diagram given below:— 


GHQ Pinal: 








| 
DDH & P 
‘ADH 
oo eo he 
North-Western Southern Army Central Eastern Army School 
Army Command Command of Hygiene, 
| | | Babina 
, 
sa ADH ADH oe ADH 
| = | 
| DADH DADH DADH Five DADsH 
Districts L of C areas Districts L of C areas 
and certain and certain 
sub-areas sub-areas 


l | | | 
Each : DADH EachaDADH Each a DADH Each a DADH 
ee een | | ; 


eee mma a e A A ar m ria e a | 


| 





Peace Opera- Peace Opera- Peace Camps 
areas tional areas tional areas and 
and areas and and and training 
canton- canton- training canton- areas 
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SEMOs Field SEMOs piha SEMOs Field Field 
hygiene hygiene _ hygiene hygiene 


sections Sections sections sections 
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Hygiene Organisation in South-East Asia: The hygiene organisation 
for an army group overseas consisted of a DDH & P at the group head- 
quarters, an ADH at the headquarters of the army, an ADH at the head- 
quarters of a corps, the officer commanding (hygiene specialist) of a 
field hygiene section attached to the division, a DADH at the head- 
quarters of each L of C area and certain sub-areas and field hygiene 


sections. ‘Phe hygiene organisation of the Army Group, SEAC, is given 
below :— 


Army Group, SEAC 


DDH & P 

i: PE A | 
Ceylon Fourteenth XXXIII Indian 3rd Indian 17 Base 
said ‘weap aay Corps Division Sub-area 

| | 

ADH & P as a ADH DADH DADH 

| | 

Divisional Divisional Field 
SEMOs Field hygiene field hygiene field hygiene hygiene 
sections sections sections sections . 


i r e 
| 
IV Indian Corps XV Indian Corps Areas or sub-areas Garrison Reserve 
| Engineering Force 
| 


aia as Each a DADH 

| | 
Divisional field Divisional field Field hygiene Field hygiene 
hygiene sections hygiene sections sections sections 


Medical Advisory Division, SEAC: In view of the unhealthy terrain 
of the South-East Asia theatre and the high sickness rate, observed during 
1942-43, on the Burma front a high level medical advisory division was 
formed at the headquarters of the Supreme Allied Commander, South- 
East Asia. The medical advisory division included experts in tropical 
medicine and hygiene from each ‘service and the United States Army. 
This division proved itself of great value. It had no executive functions 
but maintained close collaboration with medical services of the India 
Command, Australia, Great Britain, the medical department of the 
United States Army and principal medical research societies. Within 
the SEAC co-ordination and liaison were maintained firstly by periodical 
meetings at intervals of two months with the heads of all the medical 
services of the forces, the civil governments and the India Command, 
secondly by similar meetings with senior hygiene and anti-malaria experts 
and thirdly by frequent personal visits to all important areas. 


It being obvious from the beginning that medical intelligence was 
of prime importance to the production and maintenance of an effective 
standard of hygiene in the command, a special intelligence section was 
set up under a commissioned ward master, Royal Navy, for obtaining and 
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maintaining all possible overall statistical records for use in the command. 
This section proved to be of great value. Thus, a very elaborate and 
comprehensive organisation was set up to tackle the problems of hygiene 
and malaria in the eastern theatre of war. 

Hygiene Organisation in Persia and Iraq Force: After the outbreak of 
war in Europe, large numbers of troops from India were sent to Iraq, 
Iran and other Middle East countries between 1940 and 1943. The 
Tenth Army whose operations covered Iraq and Iran was under GHQ, 
Middle East, but a reorganisation of the Iraq-Iran area took place in 
September 1942, by the formation of Persia and Iraq Force with a new 
general headquarters at Baghdad. The whole command was then 
divided into two areas corresponding with the political boundaries of 
Iraq and Iran. The Iraq area, at that time administered by the 2nd 
Indian Division, came into being and included three sub-areas: 

(i) Mosul sub-area (comprising Mosul, Kirkuk, etc.) 
(ii) Baghdad sub-area (consisting of Baghdad, Mussayib, Latafia, 


Kut al Amara, etc.); and 
(ili) Basra sub-area (composed of Basra, Zubair, Magii and Persian 
Gulf). 


The Iranian area included two sub-areas, viz., (i) Teheran sub-area 
consisting of Teheran, Qum, etc. and (ii) the Ahwaz sub-area. The 
hygiene organisation of the Persia and Iraq Force is shown below:— 


GHO (at sate ) 


DDH 
| _ Das | | 
Tenth Army 2nd Indian Polish forces Iran Area 
| Division liaison hygiene 
| officer 
| in | 
E | | H DADH ADH 
| A | | | 
111 XXI Kerman- Mosul Bagh- | Basra Teheran Ahwaz 
Corps Corps shah Sub- dad Sub- Sub-area Sub-area 


| Sub-area ‘sin Sub-area area 
H ADH DADH DADH DADH DADH : DADH DADH 


Acting and Higher Ranks for certain Hygiene Posts in the India Command: 
Hygiene appointments used to be held before the war by officers according 
to their substantive ranks, but the system of acting ranks was introduced 
on 3 September 1939, All the ADsH and DADsH thus held the ranks 
of lieutenant-colonel and major respectively. No rank was prescribed 
for the appointment of DDH & P in the Regulations for the Army-in-India, 
and the incumbent of the post was either a colonel or a lieutenant-colonel 
according to his substantive rank, By 1942, it was obvious that the 
responsibilities of the DDH & P covered a very wide field including 
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extensive and new anti-malaria schemes, supervision of hygiene and 
pathology organisation for the whole of the India Command and the 
organisation, raising and administration of some 40,000 to 50,000 hospital 
beds. The appointment was, therefore, upgraded to the rank of colonel 
with retrospective effect from 2 September 1940. By 1944, his res- 
ponsibilities had increased still further as he had then to look after the 
health and well-being of nearly one and a half million soldiers in a tropical 
country where the standard of sanitation was not quite satisfactory. 
Considerable expansion had also taken place in the hygiene branch, 
particularly in respect of anti-malaria work and nutrition, since the 
beginning of the war. The DDH & P was, therefore, granted the local 


rank of brigadier in January 1944, which, in May 1945, was converted 
into a paid rank. 


With the reorganisation of the pathology services in India in June 
1943, the appointments of ADsP were created in armies and commands 
and the existing appointments of ADsH & P were converted into those 
of ADsH. The responsibilities of these ADsH had also increased consi- 
derably during the war. The problems connected with the prevention 
of diseases, in a country where preventive medicine was yet in its infancy, 
were not only difficult but complex. The number of troops had in- 
creased to about two millions. In March 1945, the appointments of 
ADsH at, the headquarters of North-Western Army, Southern Army, 
Eastern Command and Central Command were upgraded to DDsH 
carrying the rank of colonel. 


System of Recognising and Grading Specialists in Hygiene: Hygiene was 
not one of the subjects in which direct recruitment of specialists was 
contemplated. The Army-in-India had, in the past, generally depen- 
ded on the United Kingdom for the supply of specialists during a major 
war. By 1942, the demand for medical officers for the army increased 
so much in the United Kingdom that no substantial help could be expec- 
ted from that quarter in getting the number of hygienists required for the 
- Army-in-India. Arrangements were, therefore, made for the training of 
medical officers in India to meet the demands for hygiene specialists. 


The military medical services for the Army-in-India consisted 
of officers belonging to the IMS and the RAMC. RAMC officers, with 
requisite qualifications and experience, were not available in sufficient 
numbers to fill the specialist appointments authorised in the war establish- 
ments of medical units and formations. To overcome this difficulty, the 
War Office, in May 1940, introduced a system for the grading of junior 
officers, who had keenness and aptitude for the special subjects, but who 
did not possess the qualifications required for the specialist appointments. 
Under this system, a proportion of specialist posts, sanctioned in the war 
establishments of medical units and formations, was filled by junior or 
less experienced RAMC officers. These officers were described as 
‘ graded surgeon’, * graded physician’, ‘graded hygienist *, etc. The 
graded specialists were entitled to additional pay but not to higher rank. 
Owing to the vast increase in the demand by the army following mobilisa- 
tion, the War Office found it necessary to induce experienced medical 
practitioners with specialist qualifications to offer themselves for service 
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in the RAMC. Provision was made for the grant of acting rank of major 
with pay and specialist allowance to all such officers who were approved 
as specialists and appointed to authorised specialist posts as a temporary 
measure. ‘This provision applied not only to emergency commissioned 
officers but to all classes of RAMC officers possessing the necessary quali- 
fications. It was also proposed to apply these concessions to RAMC 
officers serving in India. The IMS had the system of recognised specia- 
lists only and recognition was accorded by the Director General Indian 
Medical Service (DGIMS). In order to create uniformity in the 
conditions of service for hygiene officers, whether belonging to the IMS 
or the RAMC, the War Office procedure for graded and recognised specia- 
lists was adopted for the IMS officers as well, and new rules for this purpose 
were notified to all concerned in January 1941. They were as follows: 
IMS officers possessing specialist qualifications and/or experience were 
to be classified in two categories, viz., (i) recognised specialist in hygiene; 
and (ii) graded specialist in hygiene; and the following principles were 
to govern recognition and grading:-— 


(i) An officer who had the necessary academic qualifications and/or 
practical experience and had sufficient standing in the profession 
was to be recognised as a specialist. 

(ii) A junior officer who had the necessary academic qualifications and/ 
or practical experience was to be so graded. 


It will be thus apparent that no definite minimum standards had 
been laid down, and all applications for such recognition were considered 
on their merits. This position was unsatisfactory, and, in March 1943, 
the following standards were prescribed for the recognition and grading 
of specialists :-— 


(i) For recognition: as a specialist in hygiene 

It was essential that the applicant should possess: 

(a) A Diploma in Public Health (DPH) or equivalent degree of 
a recognised examining body. 

(b) A Diploma in Tropical Medicine and Health (DTM & H) 
alone, but with special experience in hygiene. 

(c) Exceptional experience in hygiene if not in possession of 
such qualifications and should have undergone two months’ 
training as a DADH in the office of an ADMS, passed a 
written or oral examination, and been reported on by the 
ADMS as suitable for recognition as a specialist in hygiene. 


(11) For grading as a hygienist: 
(a) A minimum of six months service. 
(b) In exceptional cases and in cases in which the applicant was in 
possession of a DPH or equivalent degree or DIM & H of 


a recognised body and had considerable practical experience 
of hygiene, a minimum of three months service with two 


" Normally applications for recognition were not to be submitted unless applicant had a 


minimum of 12 months service, but in exceptional e icati - , 
applicants with a minimum of six A a P vce, ases, applications might be considered from 
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months training as a DADH in the office of ADMS, and 


success in a written and oral examination and reported on by 
the ADMS as suitable for grading. 


FIELD HYGIENE SECTION 


Field hygiene sections are essentially war-time units which had 
established their utility in the previous campaigns. During peace-time 
they were generally disbanded. Experience in Waziristan in 1936 and 
in 1937 in the Khaisora and Waziristan operations had brought out the 
fact that the satisfactory state of health of the troops, despite prolonged 
periods spent away from the standing camps in diverse weathers, was in 
no small measure due to the presence of field hygiene section personnel 
and their attention to general hygiene and sanitation. Their value in 
the prevention of wastage of manpower was fully recognised; and it was 
decided in April 1939 to maintain a cadre of field hygiene sections even 
in peace-time in Waziristan. 


Up to 1938, the only operations envisaged were the defence of 
the north-west frontier of India and the defence of its ports and coasts 
against any seaborne attack. Medical preparations were, therefore, 
based on a plan to meet the above requirements only, and under this plan 
11 field hygiene sections were raised. But on the outbreak of the world 
war in 1939, one field hygiene section was sent to Malaya and another 
to the Middle East, as part of external defence troops. By the middle 
of 1940, a number of field hygiene sections went abroad with the Indian 
troops sent for external defence. In response to a further request for 
help, India sent more troops overseas in 1941. In March 1941 
one brigade was sent to Burma as a precaution against danger from Japan. 


All these troops proceeding overseas contained their requisite quota of 
field hygiene sections. 


The overseas commitments of India were thereafter continually 
rismg. With the formation of the SEAC in 1943 and the launching of an 
offensive against the Japanese, India was saddled with considerable res- 
ponsibilities for war on its eastern frontier. All these entailed the raising 
and despatch of fresh field hygiene sections. The progressive increase 


in the number of Indian field hygiene sections during the period of 
World War II is shown below:— 


1939 2 | 

1940 5 
194] 25 plus three detachments field hygiene section. 
1943 39 | 

1944 56 

1945 75 


Twenty-one field hygiene sections and three detachments field 
hygiene section were sent overseas. 


Establishment of Field Hygiene Training Centre at Rawalpindi: In the 
earliest stages of the war the existing peace-time war establishment was 
used for raising field hygiene sections, but in November 1940 a new war 
establishment was authorised in which all combatant personnel were 
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replaced by IHC and RAMC personnel. ‘This necessitated the intro- 
duction of a system of training in field hygiene duties. Accordingly, it 
was decided, in December 1940, to establish a combined training unit 
at Rawalpindi by using the equipment of two field hygiene sections, 
Such training actually commenced in the month of January 1941, The 
period of training was fixed at six weeks and the full war establishment was 
embodied for each training unit. On the completion of training, these 
men were transferred to an expansion field hygiene section and were 
immediately replaced in the training unit by another batch, up to the full 
war establishment. 


The following permanent staff was sanctioned for the training 
unit :— 


Medical Officer 1 
Sergeant, RAMC I 
Havildar or Naik, IHC 

Ambulance Section l 
Naiks IHC 


Store Section 1 
Clerical Section l 
Sweepers 2 
Labourers 2 


Employment of Sanitary Engineers to command Field Hygiene Sections: 
The supply of hygienists for the Army-in-India had always been in- 
adequate, but by May 1941 the position had become acute. Hence 
a proposal of employing sanitary engineers to command field hygiene 
sections was'considered owing to the urgent necessity of conserving medical 
manpower for the treatment of the sick and the wounded. Ultimately 
in 1943, it was decided that field hygiene sections should be commanded 
by non-medical officers (sanitary assistants) when employed only on the 
L of C and in base sub-areas where they were to work under the direct 
supervision of the DADsH. Unfortunately, the number of qualified 
sanitary personnel available in India was very small at that time. 
Enquiries from the GHQ 2nd Echelon as to the number of non-medical 
officers possessing the requisite qualifications showed that there were 17 
such officers, but they could not be spared from their appointments 
in the engineering or artillery services. Attention had, therefore, to be 
turned to BORs, not above the age of 40 years with medical category 
not lower than ‘B?’ and possessing the certificate of Royal Sanitary 
Institute or the Sanitary Inspectors Examination Joint Board. In 
August 1943, the War Office had decided to recruit such officers in the 
rank of 2nd lieutenant, provided they possessed the Sanitary Inspector’s 
certificate, had one year’s experience in civil life and one year’s service 
as sanitary assistant in a field hygiene section. The first batch of officers 
so recruited arrived in India in March 1944, Further batches continued 
to arrive and this together with the recruitment in India enabled the 
demands for officers commanding the field hygiene sections to be met. 


Functions of a Field Hygiene Section: A field hygiene section was 
composed of a headquarters and three sub-sections, each of which was 
capable of functioning independently. Its duties were partly supervisory 
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and inspectorial and partly executive. It exercised supervision over 
such matters as water supplies including their purification and distribution; 
food supplies; cooking and slaughtering arrangements; ablution and bathing 
places, including disposal of suilage water; laundry; conservancy arrange- 
ments, including refuse and carcase disposal; general sanitation of 
camps, bivouacs, bazars, railway stations and all routes between camps; 
anti-fly measures and at times anti-mosquito measures. Its supervisory 
duties were generally limited to those units which had no medical officers, 


but the officer commanding field hygiene section also gave advice to the 
medical officers of the units. 


In a divisional field hygiene section the officer commanding was 
a recognised specialist in hygiene and acted as hygiene adviser to the 
ADMS of the division, and thus took the place of the DADH. The field 
hygiene sections were raised at the rate of three per division, and were 
pushed forward with the advancing troops or established at the base or 
various areas on the L of C as circumstances demanded. One of the 
field hygiene sections was employed actually with the division as a 
divisional unit, and the remaining two were employed behind the division 
in the L of C areas or sub-areas as non-divisional units. ‘The field 
hygiene sections also organised courses of instruction in hygiene and 
prevention of diseases for other ranks and arranged for special lectures 
on seasonal incidence of such diseases as diarrhoea, dysentery, typhoid, 
etc. While the chief role of a field hygiene section was advisory, cir- 
cumstances might arise in the field which would compel it to take up 
executive functions also. These might relate to disinfection, disinfesta- 
tion, water purification, preparation of camp sites, provision of sanitary 
appliances (until such time as the unit sanitary personnel were able to 
function and the Royal or Indian Engineers were able to supply material 
for the unit), provision of standard pattern appliances for instruction 
and guidance, supervision of clearing a camp site on the departure of a 
unit, provision of help under special circumstances like clearing the area 
after bombing, or assistance in carrying out measures against flies, 
mosquitoes, sand-flies, ete, and conduct of such experimental work 
as may be possible in connection with sanitation with its limited personnel 
and equipment. The quota of labourers and sweepers authorised in the 
war establishment of a field hygiene section enabled it to undertake actual 
sanitary work in the field, An example of the very useful and educative 
work done towards the prevention of disease was the establishment of a 
field malaria and field hygiene museum in Lanciano (Italy) by the officer 
commanding, 15 Indian Field Hygiene Section which was attached to 
the 4th Indian Divisionin 1944. This museum contained a number of 
specimens, models and charts which were utilised by the officer com- 
manding and his staff for lectures and demonstrations to the personnel 
of the division. The comparative freedom from malaria and fly-borne 
diseases in the area occupied by the division was stated, by those com- 
petent to judge, to be due, in no small measure, to the lessons learnt in 
this museum where so much stress was laid on prevention, 


Field Hygiene Section Establishment: ‘To enable the field hygiene 
sections to perform their various functions they were provided with 
equipment, personnel and transport. The establishment provided staff 
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for sub-sections to function in any area away from the officer command- 
ing of the unit. Each sub-section had men of various trades such as 
carpenters, bricklayers, tin-smiths, etc., so that they could put up sanitary 
appliances and models or assist in their preparation, whenever the need 
arose. Portable steam disinfector was a part of the equipment of a field 
hygiene section. Reasonable quantities of disinfectants and water 
purification chemicals, for use in the early stages or to meet emergent 
demands, were also carried. In the early part of the war in 1939, a 
field hygiene section in India was supplied with animal transport only, 
However, the field hygiene sections, which went overseas with external 
defence troops in 1940, were partially mechanised. Progress in the 
mechanisation of field hygiene sections continued with the increasing 
mechanisation of the army, and before the year 1943 was out field 
hygiene sections had mechanical transport for conveying all their technical 
and other equipment as well as for purposes of inspection in the areas 
within their charge, which were at times very extensive. Another 
change which occurred in the character of field hygiene section, in the 
early part of the war, was the replacement of personnel from internal 
security units by THC and RAMC personnel as the former were no 
longer available on account of the expansion taking place in the Army- 
in-India. 

Standard Field Hygiene Section: Minor changes were made in the 
establishment of the field hygiene sections during the war. In 1945, 
a standard field hygiene section had the following establishment :— 


Officer Commanding 1 (Generally a medical officer 
and a hygiene specialist if 
attached to a division). 


RAMC 
Warrant Officer class II i 
Sergeants 3 
Corporals 3 
Indian Army Medical Corps 
VCO 1 
Havildar 1 
Rank and file 6 
Non-combatants (enrolled) 50 (This included carpenters, 
tin-smiths, bricklayers, cooks, 
| water carriers, 18 sweepers 
and 18 labourers) 
Attached personnel, RIASC 12 (Drivers and mechanics) 
Total 78 


The transport provided consisted of the following :— 


Non-divisional unit 
Bicycles 
Station wagon 
Trucks 15-cwt. 
Lorry 3-ton 
(for disinfector) 


wet OT et OD 
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Divisional unit 
i Motor-cycles solo 
Cars, 5-cwt. 
Lorries 3-ton 
Trailors 5-cwt. 


> NO eo 


A non-divisional field hygiene section was similar to the divisional 
field hygiene section except that its officer commanding was not required 
to be a specialist in hygiene. 


Indian Armoured or Light Field Hygiene Section: Towards the end of 
1940, it began to be realised that the standard field hygiene section was 
not suitable for attachment to an armoured division, inasmuch as its 
establishment was rather too large and it was not sufficiently mobile. 
The necessity of having all its personnel on wheels thus became obvious. 
Necessary changes in the establishment were, therefore, made. Ultimately 
in 1943, its personnel and equipment were as follows:— 


Officer Commanding 1 
RAMC 
Sergeants 3 
IAMC 
VCOs I 
Havildars 2 
Rank and file 5 
NCs (E) 43 (including 10 sweepers and 20 labourers) 
Attached personnel 
RIASC 15 
Total 70 


The transport included a station wagon, three motor-cycles, a 
3-ton lorry for the disinfector, another 3-ton lorry for personnel and a 
15-cwt, truck from the pool transport. Baggage and stores were carried 
in unit first line transport and other requirements in second line RIASC 
or pool transport. Weapons and ammunition for the safety and protec- 
tion of stores were provided. 


Airborne Field Hygiene Section: About the middle of 1945, it was 
decided that an airborne field hygiene section should form part of an 
airborne division. All combatant and non-combatant personnel of the 
unit were required to be operational parachutists. Additional airborne 
transport was provided to the unit, and necessary adjustments were 
made in the table of weapons and ammunition to suit the new conditions 
under which it was required to move and operate. 


NUTRITION ORGANISATION 


As indicated above nutrition, anti-malaria* and pathology? 
organisations were controlled by the DDH & P. Brief reference may be 
made here to their evolution during the war. 


2 See also Part 11 (Malaria Control) of the volume on Preventive Medicine. 
3 See also volume on Medicine, Surgery and Pathology. 
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A growing appreciation of the vital importance of nutrition led to 
the formation of a separate branch of hygiene, dealing with that subject, in 
October 1942. An assistant director of nutrition (ADN) was appointed at 
the GHO and staff captains (nutrition) at the headquarters of each army 
and command in India. The Honorary Consultant in Nutrition was 
the director of Nutritional Research Laboratory at Coonoor. A Nutrition 
Advisory Committee was also constituted. Its duties were to initiate, 
direct and co-ordinate research in military nutritional problems. The 
committee consisted of the following members:— 


DDH & P, GHQ (India). E 
The Honorary Consultant in Nutrition. 
Consultant Physician, GHQ (India). 
Inspector of Foodstufís, GHQ (India). 
ADP, GHQ (India). 

ADN, GHQ (India). 


The nutritional organisation set-up in India is shown below:— 


DDH & P 
| | 

Honorary | Nutrition Advisory 
Consultant in Nutrition ADN Committee 

| | | 
North-Western Southern Central Eastern 

Army Army Command Command 
| 
Staff Captain Staff Captain Staff Captain Staff Captain 
(Nutrition) (Nutrition) (Nutrition) (Nutrition) 


Food Inspection: Considerable changes occurred in the organisation 
concerned with the supply of food and beverages for the army. In the 
middle of 1942, two different departments of the GHQ, were concerned 
with this matter. The QMG Branch was responsible for the supply. 
The responsibility for ensuring that articles of food and drink supplied 
were of the right quality and fit for consumption by the troops rested 
with the Medical Directorate. For the examination of the foodstuffs 
and beverages intended for the consumption of the army, district and 
brigade laboratories had been established all over India; but these were 
Just sufficient to meet the peace-time requirements. The laboratories 
were also limited in their scope. Generally drinking water, milk, mineral 
water, fresh vegetables, etc., were examined for evidences of bacterial 
contamination but no chemical tests were employed. A central labora- 
tory, the Military Food Laboratory, was maintained at Kasauli where 
bacteriological and chemical examinations of foodstuffs and beverages 
were carried out under the supervision of a specialist. 


In peace-time the responsibility of inspection and acceptance of all 
foodstuffs and beverages for the whole of India was entrusted to a small 
RIASC examining staff. Under the stress of World War II this organisa- 
tion began to break down. In the early part of 1942, the requirements 
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of the army increased considerably, which necessitated not only an 
Increase in the purchase of indigenous supplies but also development of 
local resources. The existing supply and examining organisation proved 
totally inadequate to cope with this work and even the number of food 
testing laboratories was inadequate. The examining officers of the 
RIASC had more work than they could possibly cope with. Inordinate 
delays occurred. Inspection methods were inflexible. The time taken 
in sending samples to the Military Food Laboratory for examination 
from various parts of India created difficulties for the Director General 
of Supplies in the purchase of supplies. The prospective manufacturers, 
owing to the non-availability of technical men, could not develop 
indigenous supplies. 


To overcome all these difficulties a food inspection organisation was 
formed on 4 July 1942, under the control of the QMG in India. 
The then existing RIASG organisation for inspection and the 
Military Food Laboratory, which was till then under the control 
of the DMS, were merged with the new organisation under the OMG. 
At its head was placed the Inspector of Foodstufís who was to be a military 
medical officer. For the purpose of inspection and acceptance, India 
was divided into six areas (Northern, Southern, Eastern, Western, Central 
and Sind) covering the whole country. 


A training centre for the inspectorate was established at the Military 
Food Laboratory, Kasauli, where all personnel were given a short course 
of training. Thus the establishment which consisted previously of 86 
men (including 13 officers) expanded to 383, consisting of 30 officers, 
34 BORs for laboratories, 51 laboratory assistants, 18 VCOs and 250 
other personnel. 


The Inspector of Foodstuffs was the representative of the DMS in 
the QMG’s Branch for advising on all matters pertaining to the quality 
and scale of ration articles. He was specialist in hygiene and was 
selected by the DMS. His decision on the quality of foodstuffs tendered 
for acceptance or stored in the RIASC depots was final, and the QMG 
had no authority to overrule it without previous reference to the DMS. 
The hygiene inspection of factories producing foodstuffs for the defence 
forces was transferred to the Inspectorate of Foodstuffs. Assistant 
Inspectors of Foodstuffs were trained in these duties. The Inspector of 
Foodstuffs consulted the DDH & P in respect of problems connected with 
the hygiene of factories which required a decision on matters of policy. 


Dieticians in Military Hospitals: The supervision of kitchens in 
military hospitals and arrangements connected with diets for patients 
were the responsibility of the matron. By September 1942, the duties 
of the matron in connection with the nursing of the wounded in hospitals 
had increased to such an extent that she had no time left for supervising 
_the preparation and cooking of diets for the patients. A scheme for the 
employment of dieticians in military hospitals in India was, therefore, 
introduced on 6 January 1943. Six dieticians were to be employed 
under this scheme as an experimental measure. They were to be 
members of the WAC(I) having the rank of junior commander. Their 
qualifications were as follows:— 
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(i) Diploma in Domestic Science from the United Kingdom; or 

(ii) A diploma (or its equivalent in domestic science from a foreign 
school of cookery or dietetics) approved by the Medical 
Directorate; or 

(iii) The Home Science Diploma Course of the Lady Irwin College, 
New Delhi (for cooking and dietetics); or 

(iv) Such practical experience as qualified them for exemption from 
(i), (ii) or (ii); such exemption was to be approved by the 
DMS; and 

(v) A reasonable knowledge of Urdu. 


The following hospitals were selected for the posting of these six 
dieticians:— a 

3 Indian Base General Hospital (British troops) IBGH (BT), Poona. 

1 IBGH(BT), Karachi 

4 IBGH (Combined), Colaba. 

Combined Military Hospital (CMH), Quetta. 

British Military Hospital (BMH), Rawalpind1/Murree, 

126 IBGH(BT), Secunderabad. 


The dieticians were to be responsible to the officer commanding of the 
hospital for the ordering, preparation and scientific formation and service 
of all diets for the patients, as ordered by the medical officers. The 
ultimate intention was to appoint dieticians to all hospitals with 100 beds 
or where 30 or more officers beds were located. It was not found possible 
to fill these six appointments. Only three candidates with requisite 
qualifications were available and one of these was found unsuitable and 
released. At the end of the year it was, therefore, decided to make no 


more appointments. 
ANTI-MALARIA ORGANISATION 


Malaria is widely prevalent and is met with not only in tropical 
and sub-tropical but also in temperate climates. It has been a scourge 
of armies in the past and is one of the most important factors in causing 
loss of manpower in campaigns conducted in malarious regions. Its 
devastating effects on the eastern frontiers of India and Burma, which 
contain some of the most malarious tracts in the world, are well known. 
During the Burma Campaign of 1942-43, it was responsible for a high rate 
of sickness and it was obvious that no campaign could be successfully 
carried out in such regions without an effective anti-malaria organisa- 
tion. The problems involved in the control of malaria were so stupen- 
dous that it was not considered possible to overcome them without 
developing a separate organisation. This did not mean that malaria 
ceased to be the concern of military hygienist or was divorced from 
military hygiene. The general hygiene branch and the malaria branch 
worked, in fact, in the closest co-operation and were the ultimate respon- 
sibility of the DDH & P who had the benefit of advice from the Consultant 
Malariologist and the Malaria Advisory Committee. The Director of 
the Malaria Institute of India was the Consultant Malariologist. The 
duties of the Malaria Advisory Committee were to initiate, direct and 
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co-ordinate research in military malaria problems in India. The 
committee had the following as its members:— 

DDH & P 


Assistant Director of Malariology 
Consultant Malariologist, GHQ, (ADM), GH 
Consultant Physician, GHQ, 


ADM (Preventive Research) GHQ, 
Representative of the Medical 


(Secretary) 
Advisory Division, SEAC ADM (Clinical Research), GHQ, 
Consultant Malariologist, ADP, GHO 
ALFSEA 


ADP (Research) 


Anti-Malaria Organisation: The anti-malaria organisation in India- 
is shown below :— 





g DDH & P 
O a 
| 
Consultant ADM Malaria 
Malariologist (GHO ) Advisory 
Committee 
| | 
ADM ADM (Clinical 
(Preventive Research) 
Research) 
| 
Special MFTUs Hospitals 
team 


| | | 
Malaria Anti- Special MFTUs 
field malaria research 
laboratories units 











teams 
North Wester Southern Central Eastern Anti-malaria 
Army Army Command Command Wing, Army 
| School of 
Hygiene 
| 
ADM ADM ADM a DADM 
| 
Districts L of C areas Districts L of C areas 


| | 
Each a DADM Each ‘ DADM Each a DADM Each a DADM 
| | 


e 


Canton- Opera- Canton- Opera- Canton- Train- Canton- 


ments tional ments tional ments ing ments and training 
and areas and and and areas and areas 
camps | camps training camps | camps 
| | ua | 
Civilian AMUS Civilian AMUs Civilian AMUs Civilian AMUs 
staff ~ 


staff staff staff 
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Anti-Malaria Organisation of an Army Group Overseas: Vhe anti-malaria 
organisation of an army group Overseas was as follows :— 


HQ Army Group 
DDH & P (Consultant Malariologist) 





ADM 
| 

HO am HQ L A C areas 
Each a ADM Each a DADM 
HO Espa HQ Sub-areas 
Each a DADM . AMUs 

Divisions 
Each l Staff 

Captain (Anti-malaria) 
AMUs 


Anti-Malaria Unit: The formation of AMUs to combat the menace 
of malaria in the various theatres was a special feature of World War I. 
They were executive medical units designed for the control of malaria 
and investigation into problems connected with it in any particular area. 
Besides their executive role, AMUs also carried out anti-malaria propa- 
ganda and exercised supervision over anti-malarial measures in force in 
their areas. The AMU consisted of a headquarters and four sections, each 
of which was capable of functioning independently. Its establishment 
consisted of the following :— 


Officer Commanding .. o a xa d 
VCO 59 T T sch a 
IORs bi i jei - an Ad 
NCs (E)  .. 6 T i. OS 
Total .. 74 

The transport provided was:— 
Bicycles a js T ig see 
eep oh re i os 1 
Trucks 15-cwt, (GS)... i ‘4 « 


`The personnel included a tin-smith, trained insect collectors and 25 
labourers. The officer commanding was generally a medical officer 
who had undergone a special course of training at the Malaria Institute 
of India. Only in exceptional cases non-medical officers could command 
the unit, if specially qualified for the post, e.g., an entomologist. Civilian 
labour was employed to supplement the staff of enrolled labourers of the 
unit, depending upon circumstances, 
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` In cantonments and permanent camps whole time civilian anti- 
malaria medical officers and anti-malaria assistants were employed. 
They were specially trained at the Malaria Institute of India and worked 
under the SEMO of the station. They were assisted by specially trained 
insect collectors and supervisors. Malaria stores, equipment, transport 
and labour were provided on an adequate scale to carry out the work‘, 


~~ 


PATHOLOGY ORGANISATION 


The work of military pathology laboratories is very closely connected 
with the problems of hygiene. The successful application of preventive 
measures depends upon a proper understanding of the factors involved in 
the causation and spread of disease; and before any definite measures 
for prevention can be recommended it is often necessary to conduct 
elaborate investigations involving the closest collaboration between the 
hygienist in the field and the pathologist in the laboratory. Investiga- 
tions into the origin of epidemics where water, milk, articles of food and 
drink, and carriers are suspected require the aid of a laboratory. With- 
out its assistance no investigation can be conducted in respect of a new 
disease or some new features which might be met with in a known 
disease. For these reasons pathology laboratories are an indispensable 
feature of the hygiene organisation of the army. The pathology 
organisation for India is shown in the diagram on page 460. 


Pathology Organisation of an Army Group: The pathology organisation 
for an army group based on India is shown in the following diagram :— 


HQ. AR GROUP 


| 
DDH & P 


HO Army 
ADP 
| L 
BGHs Other hospitals Bases 
| 
| 
Each a laboratory Field laboratories Advanced base 


transfusion units 


Forward areas 


Field transfusion 
units 


4 Detailed information regarding the method of work and scope of AMU will be found in 
Part II (Malaria Control) of the volume on Preventive Medicine. - 
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Pathology laboratories were in the charge of medical officers who were 


either recognised or graded specialists or had special training and 
experience in laboratory work. 


Pathology Advisory Committee: The Pathology Advisory Committee 
consisted of the following :— 


DDH & P, GHQ (India). 

Consultant Physician, GHQ (India). 

Consultant Surgeon, GHQ (India). 

Representative of Medical Advisory Division, SEAC. 
Director, Central Research Institute, Kasauli. 

ADP, GHQ (India). 

ADP, Eleventh Army Group, South-East Asia. 


Officer Commanding, Central Military Pathology Laboratory, India. 
ADP (Research), GHQ (India), Secretary. 


The duties of the committee were to advise on all technical and adminis- 
trative aspects of clinical pathology in India and to direct, co-ordinate and 


suggest research work to be carried out by the pathologists in the India 
Command. 


CHAPTER XVI 
Ancylostomiasis 


Ancylostomiasis is widely prevalent in India with a high rate of 
infestation in the damp Himalayan regions from the United Provinces 
to Assam. Its incidence increases from west to east, so that the maximum 
is reached in Assam. The disease is also very common in the central 
and southern parts of India as well as in Nepal. The drier zones of 
Indo-Pakistan sub-continent such as the North-West Frontier Province, 
Rajputana, Sind and Deccan have relatively low rates of infestation. 


INCIDENCE IN THE ARMY-IN-INDIA 


The incidence of ancylostomiasis among the British troops was low, 
but the Indian troops showed a high rate. This was due mostly to the 
wide prevalence of the disease in the civil population in certain areas. 
Recruits from areas of high incidence showed infestation rates varying 
from 80 to 100 per cent., whereas those from other areas showed rates 
as low as 10 per cent. The average rate of infestation among the trained 
Indian soldiers was in the neighbourhood of 25 per cent. The existence 
of the disease was limited by the life duration of the hookworm which is 
about a year. Most of the recruits were also freed from worms after 
enlistment. Few of them, however, showed any symptoms. 


Both the varieties of hookworm, i.e., Ancylostoma duodenale and 
Necator americanus are met with in India, the former in the United Provinces 
and the Punjab and the latter in South India and Bengal. Cases of 
infection by both the parasites in an area are also not uncommon, such as 
in Bihar. The picture presented by hookworm infection amongst the 
Indian soldiers was somewhat similar to that seen in the civil population 
with the difference that in army life, with its improved sanitation, there 
were fewer opportunities of acquiring the infection after it had been 
eliminated by treatment. The most important factor in the infection 
of the Indian recruit with hookworm was his habit of walking barefoot 
in his village. 

During World War 11, the Army-in-India expanded at a rapid 
rate and the supply of recruits from the usual areas of recruitment was 
soon exhausted. Recruits were enlisted from all parts of the country 


including Bengal, Bihar and Orissa where the incidence of ancylostomiasis 
was high, 


The problem of malnutrition and anaemia in the Indian soldier 
has been fully dealt with in Part I of this volume, dealing with nutrition 
and only a passing reference may be made here to the connection between 
ancylostomiasis and anaemia. During their investigations in a Pioneer 
Scat training centre with Malyali, Tamil and Telegu recruits at 

eg in Southern India, Hynes, Ishaq, Morris and Verma (1946) 
showed that the Malyali recruits, who generally were physically superior 
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to Tamils and Telegus as judged by better muscle development and 
weight-height ratio, contained a lower proportion of anaemic men in 
spite of a significantly higher rate of hookworm infestation amongst 
them than the Tamils and Telegus.- The Malyalis had come from the 
more fertile regions of Southern India and were probably better fed in 
civil life. It was found that young men even from the most heavily 
infested areas were quite unaffected by the manifestations of hookworm 
infestation as long as their dict remained adequate; but even a light 


infestation could appreciably increase the anaemia of the under- 
nourished. 


The men of the Fourteenth Army presented a picture which was in 
marked contrast to that of the recently recruited soldiers of the Army- 
in-India. The hookworm anaemia in the former was comparatively 
less, and this was mostly due, as already pointed out, to self-limiting 
nature of the infestation. Vasey (1944), on an analysis of the length of 
service of men suffering from ancylostomiasis, at the anaemia treatment 
centre in Jubbulpore, found that ancylostomiasis showed a gradual 
diminution with service among the soldiers as shown below:— 


TABLE I 


Diminution of the incidence (per cent.) of anaemia due to ancylostomiasis in 
relation to service. 


Service in Army 
Causes of anaemia 


0-1 year 1-2 years Over 2 years 
Hookworm a ae 47 33 20 
Hookworm and malaria .. 44. 39 15 
Others aó ie 33 36 31 


PREVENTIVE MEASURES 


Before the outbreak of the war, the policy was to eliminate worms 
in every recruit on enlistment and, subsequently also, if symptoms per- 
sisted. This was, however, not possible owing to the rapid expansion 
of the army as the war progressed. Only recruits coming from highly 
endemic areas as well as those showing signs of infestation were treated 
for worms. The use of tetrachloroethylene was generally preferred 
owing to its low toxicity, but if it was unavailable carbon tetrachloride 
was given. The adult dose for tetrachloroethylene was 4 cc. and for 
carbon tetrachloride 3 cc. No preliminary starvation was necessary and 
the treatment was carried out early in the morning before the recruits 
had any food. The anthelmintic in the requisite dose was mixed with 
2 ozs. of saturated solution of sodium sulphate in a 4-0z. bottle and shaken 
well so as to distribute it evenly and administered to the recruit imme- 
diately before the finely divided droplets of the anthelmintic had time 
to coalesce. In this way, it was possible to treat large numbers of men 
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in the morning. No further treatment was necessary except the adminis- 
tration of a dose of saturated solution of sodium sulphate about midday 
if the bowels had not opened till then. The soldier so treated was usually 
allowed his midday meal. 


A measure of considerable importance in preventing the re-infec- 
tion of the soldiers was to compel them to use the latrines. The deep 
trench latrines were found quite suitable. Shallow trench latrines were 
definitely dangerous. Care was taken to ensure that the excreta at no 
stage of its disposal was permitted to come into contact with the super- 
ficial layers of the soil. The neighbourhood of villages or areas previously 
occupied by the civil population was generally avoided as a site for 
military camps. It was impressed upon the troops that the wearing of 
boots and the avoidance of unnecessary contact of the body with the soil 
were essential factors in preventing infection. 
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CHAPTER XVII 
Cerebrospinal Fever 


Although cerebrospinal fever is fairly common in the sub-tropical 
region, yet it is relatively uncommon in the tropics. In the Indo-Pakistan 
sub-continent it occurs mainly in the northern half of the country and is 
most prevalent in late winter and spring. In the army, it is essentially 
a disease of overcrowding; it affects young soldiers and is thus compara- 
tively more common among recruits in training depots. Cerebrospinal 
fever was not an important cause of sick wastage among the personnel 
of the Army-in-India, but almost a constant number of cases was reported 
each year, mainly from the recruits training centres situated in Northern 
India. The disease was much less prevalent among the British than the 
Indian troops. In the latter, it showed a marked tendency to rise during 
the war years when overcrowding at training centres was inevitable. 


Meningococcal disease was at its lowest seasonable ebb in the 
United Kingdom when World War II broke out. Towards the end of 
1939, however, the aggregation of recruits, mass movements of population, 
the weather and black-out conditions, all provided a setting favourable 
for the spread of cerebrospinal fever; and m January 1940 the signs of 
upward trend were clearly discernible. Thereafter, the disease main- 
tained epidemic proportions of varying intensity till 1942, after which 
the trend swung back to that of peace-time, though at a much higher level. 
A somewhat similar trend was noticeable for this disease in the Army-in- 
India. The curve of incidence in the United States Army in 1942-43 
was similar to the 1939-40 curve in Great Britain. 


INCIDENCE IN THE ARMY-IN-INDIA 


In 1939, there were 28 cases of cerebrospinal fever among the 
Indian troops, of which 15 occurred in Northern Command. Careful 
records were kept of humidity and temperature in several places but there 
was no evidence that periods of high humidity were particularly favourable 
to the development of the disease. ` Conditions in India, however, vary 
considerably from place to place, and it is difficult to draw conclusions 
from scanty and less reliable data. In one or two stations, such as 
Rawalpindi and Jhansi, it was noted that cases occurred with the rise 
in humidity. There were four cases in Jhansi in a cavalry regiment 
where overcrowding in barracks occurred at times; two of these were 
found in cavalry recruits in whom the symptoms were severe but who 
recovered after the administration of sulphapyridine (M and B 693). 
There were two contacts also with symptoms of headache and pain in 
the neck which cleared up with prophylactic sulphapyridine. The 
admission rate per 1,000 of strength for this disease had increased from 
0-2 in 1939 to 0:6 in 1940 in the case of Indian troops. It was due to 
minor outbreaks which occurred in several stations, mainly in training 
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battalions, during the winter months. Owing to the expansion of the 
army, there was overcrowding not only in the training battalions but also 
in many military stations. And these outbreaks occurred only when there 
was overcrowding. Fortunately, none of these was serious and the case 
mortality was low owing to treatment by sulphonamide group of drugs, 
In 1941, the admission rate per 1,000 for Indian troops on account of 
cerebrospinal fever increased to 2*4. , This was again due to minor out- 
breaks consequent on overcrowding in training battalions in Northern Com- 
mand during the winter months. But overcrowding might not have been 
the sole cause. It is likely that some other factors such as the suscep- 
tibility of young soldiers and faulty personal hygiene in certain units 
may have affected the incidence of the disease. For example, of 37 
cases which occurred in a certain training battalion, 30 were among 
Muslims and 7 among Dogras and Sikhs. The class composition of the 
unit was 1'6 Muslims to 1 Dogra and Sikhs. Of 30 Muslim cases, the 
proportion was 1 Punjabi Mussalman to 4 Pathans. The latter took 
their food in small groups from the common dish and frequently shared 
a cup when drinking tea or a hugga when smoking. It may also be 
pointed out that out of 891 cases recorded during this year, 250 were 
diagnosed by positive cultures and the rest by identification of the typical 
diplococcus in the film preparations of the deposit. In general, the 
laboratories did not carry out tests to determine the group of the organism, 
as this information had lost most of its value since the introduction of 
chemotherapy. 


In 1942, the admission rate per 1,000 of Indian troops had further 
risen to 2°7 owing to the operation of the same factors. But during 
1943, the admission rate had decreased to 1°6, a figure which was still 
about eight times higher than the pre-war average. In 1944, it fell 
further to 0'6. The decline continued in 1945, when the admission 
rate came down to 0°3. The station which showed the highest incidence 
of the disease was Jalna (a place in Hyderabad Deccan} where 108 cases 
occurred between January and September 1945 in a population of 25,000 
soldiers. The year 1946 was marked by considerable fall inthe admission 
rate per 1,000 of the Indian troops, when it was only 0:03, a figure 
which was even lower than peace-time figures. The British troops in 
India suffered comparatively less than the Indian troops from this disease, 
as is evident from ‘Table I. 


TABLE I 


Incidence (rate per 1,000) of cerebrospinal fever—VCOs €? IORs $ BORs— 
India Command—1939 to 1946. 











Treats 1939 | 1940 | 1941 | 1942 | 1943 | 1944 | 1945 | 1946 
VOOs & IORs .. | 0.24 | 0:55 | 2-40 | 2-71 | 1:58 | 0-60 | 0:27 0:03. 
ORs .. -. 10.08 | 0-19 | 0-06 | 0-19 | 0-13 0°06 | 0°10 0-02 
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IMPORTANT EPIDEMIOLOGICAL FACTORS 


When World War II broke out, certain important principles in 
the epidemiology and treatment of cerebrospinal fever had been esta- 
blished. The necessity of preventing overcrowding and the ill-effects 
of defective ventilation in public halls, canteens and places of entertain- 
ment and recreation used by troops was recognised, and the lateral bed- 
spacing of at least three feet between the beds in sleeping quarters had 
_ become -the accepted practice. The importance of concomitant upper 
respiratory catarrh and cold in abetting the transmission of meningococci 

from throat to throat by means of coughing and sneezing was fully estab- 
lished. ‘The special susceptibility of the recruits to this disease in the train- 
ing depots, as compared with the seasoned troops, was also realised. 


Sartwell and Smith (1944) demonstrated that no less than 57 per 
cent. of the representative series of 1,337 cases occurred amongst recruits 
of three months service in the American Army, 29 per cent. occurring 
in the second month after they had joined. Only rarely did men, who 
had been in the army for more than a year, develop cerebrospinal 
meningitis. Moreover, the meningitis rates tended to be higher in the 
larger stations varying from 3-2 per 1,000 for those with a strength above 
20,000 to 1 per 1,000 for those with a strength below 10,000. This 
striking difference was believed to correspond to the higher proportion 
of new recruits and more rapid turnover at larger stations. A statistically 
significant positive association was also found between the meningitis 
rates and the rates for common respiratory diseases in the larger stations. 
Sartwell and Smith (1944) also studied the condition at a number of posts 
in detail. They found that the principal factors influencing the menin- 
gitis rates were overcrowding in barracks, high rates of common respira- 
tory diseases, high proportion of unseasoned troops and the rapid turn- 
over of such troops. A notable feature was the absence of apparent 
relationship between clinical cases. 


The question whether surveys should be conducted for finding out 
the carriers among the contacts of the clinical cases had not been 
finally determined. The practice was in fact falling into disuse. The 
carrier rate in military camps and training establishments has been 
found to be high, and Glover (1918) pointed out that at a certain depot 
he had found the rate as high as 70 per cent. during the period April, 
May and June in 1916. Theoretically, the segregation and treatment of 
all carriers appeared to be the most effective method for controlling 
the outbreaks of cerebrospinal fever; but Van Rooyen and Morris (1941) 
pointed out that such a procedure was quite impracticable during an 
epidemic owing to the presence of a very large number of carriers. Past 
experience had also shown that notwithstanding the diligence with which 
Carriers were traced and treated, such action often failed to stem the 
course of an epidemic. Besides this, the possibility of a carrier being 
reinfected must not be ruled out. 


In February 1940, the Army Memorandum on Cerebrospinal Fever, 
published by the War Office, London, drew attention to the facts that 
the wholesale swabbing of large number of persons served no useful 
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purpose, that carriers were lo be given such treatment as the medical officer 
and the pathologist considered necessary and finally that the segregation 
of individual carrier for a period longer than three weeks was seldom 
necessary. Moreover, the comparatively larger number of carriers 
found both in the contacts and non-contacts of clinical cases during an 
epidemic made the problem of segregation practically insolvable. Also, 
the value of swabbing the nasopharynx for surveys was doubtful as there 
was no practical routine test to determine the virulence of isolated 
meningococci. In March 1940, the Ministry of Health in the United — 
Kingdom issued a memorandum discouraging the routine practice for 
making a search for carriers; and the army memorandum issued in 
October 1940 stated that * routine post-nasal swabbing of contacts will 
no longer be carried out ”. These varying pronouncements led virtually 
to the abandonment of bacteriological work on contacts in the United 
Kingdom. Similar directions were issued by the Medical Directorate, 
Army Headquarters, India, in April 1940, in which it was pointed out 
that the incidence of carriers of meningococcus among the healthy 
population during the winter months was very high and it was manifestly 
impossible to isolate a large percentage of these. The term contacts of 
a patient sleeping in barracks, schools or halls, was interpreted to include 
all those who occupied beds adjoining the case, and in the event of a 
case arising in a billet or tent all the occupants were treated as contacts. 
Swabbing or segregation of those who were otherwise in association with 
the patient was not required. Another fact was also recognised that the 
cases suffering from cerebrospinal fever were apparently a relatively 
unimportant source for the spread of infection, and there was hardly any 
evidence to support case-to-case spread of the disease. It appears that, 
in this disease, the exposure to infection was much less important than 
susceptibility. The argument ran somewhat like this. Carriers in 
cerebrospinal fever were much more numerous than cases. The latter 
were safely isolated in military hospitals while the carriers were free to 
pursue their normal routine among their comrades and were thus a more 
important source of infection. 


Among those leading a close communal life, such as soldiers, sailors 
and airmen, the carrier rate varies in winter from 2 to 5 per cent. In 
fact, this rate has been known to rise to 15-20 per cent: prior to the occur- 
rence of cases. During an epidemic, the carrier rate may be as high as 
60 to 80 per cent., and it seems almost certain that a carrier epidemic 
always precedes and co-exists with the disease epidemic, and it is those 
relatively few susceptibles who develop the disease. Very few possess 
immunity against the invasion of nasopharynx by the causative micro- 
organism, but the great majority are able to resist extension from this 
site to the blood and meninges. If the resistance of the nasopharynx is 
lowered by overcrowding, faulty ventilation, cold and damp weather and 
the existence of other diseases, a marked increase in the number of carriers 
occurs, All these conditions were present in busy recruit training centres 
in Northern India during winter. In addition, the unaccustomed en- 
vironment and strenuous training together with inoculation and vaccina- 


tion to which each recruit was subjected had a definite effect in tem- 
porarily lowering his resistance. 
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PREVENTIVE MEASURES 


_ The measures for the prevention of cerebrospinal fever at the 
beginning of the war were unsatisfactory, and the prevailing practice 
was to detect and segregate the carriers and contacts. Both the proce- 
dures, besides being impracticable, were laborious and caused consider- ` 
able loss of time. Mass gargling and insufflation on parade, with one 
part of potassium permanganate in 5,000 parts of 0°8 per cent. saline 


were at times tried, but they were mostly of doubtful value as a 
routine procedure. 


Among the general measures adopted was the avoidance of over- 
crowding in barracks. The machinery for providing accommodation, 
however, did not keep pace with the speed with which the armies 
expanded during the war. Fairbrother (1940) pointed out that over- 
exertion and fatigue in the recruits were more important factors than 
overcrowding in the causation of cerebrospinal fever. In sleeping quar- 
ters, an interval of at least six feet between the centre of adjoining beds 
was laid down. In war-time, however, owing to the circumstances 
beyond control, even this interval was not always attained and a minimum 
distance of two and a half feet between the beds had to be tolerated. 
When the distance between the two beds was less than three and a 
half feet, every alternate bed was turned round so that each man slept 
with his head opposite to his neighbour’s feet. Extra space was often 
obtained by pulling some of the beds in the middle of the room. 


CARRIER PROBLEM 


The carrier problem was always a difficult one not only because 
of their numbers but also due to the difficulty of freeing them from 
meningococci; and even when this was achieved after considerable effort 
the problem of their re-infection defied solution. Considerable light was 
thrown upon the carrier problem by the extensive studies made in the 
USA military camps. These were initiated by the need to investigate 
the situation arising out of the use of sulphonamides for mass prophylaxis 
in these camps. The painstaking technique of Phair, Schvenbach and 
Root (1944) in culturing representative group at frequent intervals for 
periods as long as ten weeks, and also in examining multiple colonies 
of each individual culture, revealed the complex carrier pattern of the 
group studied. In one group of 100 soldiers examined for ten weeks, 
no less than 91 percent. were found by Phair’s method to harbour specific 
type of meningococci at one time or the other during the period. More- 
over, above 50 per cent. of them were found to harbour two or more 
specific strains. Thus, it became abundantly clear that the true carrier 
state of a group cannot be determined from a single culture. Indeed, 
any static concept of a number of fixed carriers within a group could not 
be substantiated. Besides this the carrier pattern was always undergoing 
change in the group. This demonstrated the futility of attempting to 
control the disease through the segregation of carriers in any group. 
Fortunately, a new and practical method of treating such a group began 
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to emerge in the simultaneous mass treatment of every member of the 
group with sulpha drugs. 

It was demonstrated in Great Britain in 1940, that carriers of 
meningococci could be freed at least temporarily from these organisms by 
a short course of sulphapyridine, e.g., 3 g. daily for three days. In the 
same year, this method was applied with success on a small scale in a 
residential nursery in Australia. From 1943 onwards, several large- 
scale controlled experiments in semi-isolated military camps were strik. 
ingly successful in stopping the recurrence of clinical cases and temporarily 
reducing the carrier rate to such low figures as nil to 5 per cent. for three 
to eight weeks. These experiments were carried out in training centres 
on nearly 10,000 men in rural districts, i.e., in large semi-closed popula- 
tions. At first, only the proved carrier were treated. In the winter of 
1942-43, Cheever, Breese and Upham (1943) gave 8 g. of sulphapyridine 
in divided doses to 161 carriers over three days in a large naval camp, 
where many clinical cases of Group 1 meningitis and septicaemia had 
been occurring. On the fourth day, all the 161 carriers gave negative 
swabs except in one case where a change occurred from Group I to 
Group HA strain of meningococcus. The controlled group showed an 
actual increase during this period. On the nineteenth day after the 
drug was withdrawn, 90 of the treated men were swabbed and a carrier 
rate of 15:5 per cent. was found; on the thirty-seventh day the carrier 
rate of this group had increased to 20 per cent. On the same day, 134 men 
of the controlled group had a carrier rate of 81 per cent. “The obvious 
conclusion from this experiment was that chemoprophylaxis must be 
simultaneous throughout the entire camp since a fair proportion of those 
cleared tended to become positive during ensuing weeks if they were 
continuously exposed to re-infection. It was suggested that if such a 
mass therapy was not practicable, the method might at least be applied 
to whole groups of men leaving the camp for duty elsewhere, so as to 
prevent their carrying infection to the new quarters. 


Kuhns (D.M.), Nelson, Feldman and Kuhns (L.R.) (1943) des- 
eribed a large-scale and strikingly successful prophylactic administration 
of sulphadiazine to more than 15,000 soldiers stationed at two posts 
where meningococcal meningitis was particularly prevalent in the spring 
of 1943. At the first post, a new division of recruits, mostly under 20 
years of age, was barracked in three geographically and functionally 
separate areas of the camp. One of these was occupied by 8,000 men 
selected for prophylactic treatment. There had been 28 cases of menin- 
gitis among them during the four weeks previous to the experiment. ‘The 
untreated controls formed the remainder of the division, 9,300 men, 
living in the other two demarcated areas. Amongst these, there had 
been 21 cases of meningitis in the previous four weeks. Just before the 
experiment was undertaken the carrier rate in 100 men selected at random 
in each group was found to be 36 per cent. in the treated and 38 per 
cent, in the controlled group. The predominant meningococcus found 
in each instance was Group I. From 22 to 24 March 1943, all the 
individuals in the treated group were simultaneously given 1 g. of 
sulphadiazine by mouth, three times daily at meal times. Thus each 
man received 9 g, of the drug. In the subsequent eight weeks, no cases 
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of meningitis occurred in the treated group, and the carrier rate varied 
from 2 to 7 per cent.; in the untreated group there were 23 cases of 
meningitis and the carrier rate varied from 30 to 57 per cent. Toxic 
effects of the drug consisted of two cases of generalised skin eruptions, 
but questioning at random indicated that minor degrees of headache, 
dizziness, visual disturbance, lassitude, tinnitus and nausea had occurred 
in about 10 per cent. of the men. These symptoms were, however, 
inadequate to interfere with the training of troops. 


In the second experiment, 7,000 functionally separate men with 
a carrier rate of 30 per cent. were treated simultaneously and compared 
with 9.500 untreated controls with a carrier rate of 29 per cent. and 
living under similar conditions. In this instance, however, the amount 
of drug given to the treated men was reduced to 2 g. daily for two days, 
l g. at breakfast, and 1 g. at supper, from the evening of 7 April to the 
morning of 9 April 1943. The results in this experiment were just as 
good as in the first. In the treated group, during the eight weeks 
following the experiment, there were two cases of meningitis (both in 
men who were away from the camp and who might have been re-infected 
elsewhere) and a carrier rate varying from nil to 3 per cent.; in the un- 
treated group during the same period there were 17 cases of meningitis 
_ and the carrier rate varied from 29 to 43 per cent. Sulphadiazine blood 
levels in 20 subjects at periods up to eight hours after the last dose ranged 
from 2-7 to 5-4 mg. per 100 cc. No toxic effects were observed. These 
experiments indicated clearly that as little as 2 g. of sulphadiazime given 
daily for two days was effective in stopping outbreaks of meningococcal 
disease, provided the drug was administered to all exposed to risk 
simultaneously and that the treated group virtually formed a closed 
community. It also appeared that sulphadiazine with its relatively 
high absorption and slow excretion may be the best drug for the purpose. 


Other investigations progressively reduced the amount of drug in 
such experiments. Thus Painton (1944) gave 5 g. of sulphadiazine over 
24 hours simultaneously to 18,000 men, and a follow-up for eight weeks 
thereafter showed that no recognisable clinical case had occurred. 
Finally, the apparent minimum effective dose was determined by Phair, 
Schvenbach and Root (1944) in a very thorough study of groups of 100 
men. They found that in a non-segregated group receiving as little as 
2 g. sulphadiazine in a single dose the carrier rate fell immediately from 
25 per cent. to nil, and very low carrier rates were maintained in this 
group for the three weeks during which they were followed, i.e., far 
beyond the period required for complete drug excretion. Low carrier 
rates were also achieved immediately but not maintained in the group 
receiving 1 g. sulphadiazine. The significance of such sudden reduction 
of carrier rates in relation to the stoppage of the occurrence of clinical 
cases has been demonstrated in these experiments. The evidence, 
therefore, suggests that mass prophylaxis with single dose of 2 g. sulpha- 
diazine (or its equivalent) applied simultaneously to every member of a 
community may be successful in stopping an outbreak. It is considered, 
however, that before this measure is applied on a large scale, studies of 
samples of the population should be undertaken to ascertain that the 
three main factors governing meningococcal epidemicity are actually 
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present, namely (i) high carrier rates, (ii) predominance of Group I 
strains, and (iii) high proportion of recruits or other non-immunes (Kuhns 
and Feldman, 1943). War-time experience has thus provided the setting 


for the elaboration of a new and valuable technique in community 
which will probably replace entirely the laborious and the 


prophylaxis, l PASE y 
s inoculation with vaccine. 


relatively inefficient method of mas 
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CHAPTER XVIII 
Cholera 


Unfortunately various parts of India have been afflicted by the 
visitations of cholera for many centuries. Some areas suffer from chronic 
endemicity, the most important being the delta of the Ganges in Bengal. 
Other important endemic areas are the provinces of Bihar, Orissa, the 
United Provinces and South Madras. These tracts have in the past, 
served as the foci from which cholera infection had spread to the other 
regions of the globe. During 1938, the recorded attacks and deaths from 
cholera in British India totalied approximately 323,243 and 158,010 
respectively, the worst affected provinces being Bengal, with 86,000 
cases and 45,000 deaths and the United Provinces with 70,000 cases and 
- 34.000 deaths. The Punjab reported 86,000 cases and 4,600 deaths 
during the same period. 


During World War II, large groups of troops were concentrated in 
the eastern parts of India where cholera outbreaks occurred from time to 
time involving the civilian population. During the retreat of the Indian 
and British forces from Burma in 1942, cholera broke out among the 
civilian refugees trekking back to India. This caused anxious moments 
to the military medical authorities who had to be on the alert throughout 
the war for the appearance of cholera cases among the military personnel. 
Fortunately, no serious outbreaks occurred among the troops. 


SOME EPIDEMIOLOGICAL CONSIDERATIONS 


In 1938, Taylor and Ahuja produced evidence before the Cholera 
Commission of the League of Nations that the vibrios agglutinating 
with pure * O ? serum of type Group I of Gardner and Venkatraman were 
the only forms found to be consistently associated with cholera outbreaks 
in India, and that the vibrios possessing ‘H’ antigen common to them- 
selves and Vibrio cholerae were widely distributed in India and found under 
conditions in which cholera contamination could be excluded. For 
example, inagglutinable vibrios were commonly found in unprotected 
water supplies such as wells, tanks and rivers in some areas where cholera 
was not endemic. ‘Taylor and Ahuja (1938) considered that the presence 
of such vibrios was in no way connected with contamination from cholera 
sources. They pointed out that in view of the widespread distribution of 
vibrios in the sources of water, some of which may be used for drinking 
purposes, the possibility of vibrios gaining admission into the intestinal 
tract and making their appearance in the stools of healthy persons or 
those attacked by cholera, had to be borne in mind. 


` When World War II began, there were some gaps in the epidemio- 
logical knowledge about cholera. It was not then understood how cholera 
infection was kept alive during the inter-cpidemic period. There was 
general agreement that convalescent carriers ceased to be dangerous 
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after a period of three weeks from the onset of illness and healthy carriers 
two weeks after the contact. Cholera carriers were found among those 
people only who had come im contact with cholera cases and not in the 
general population. While the carriers may have caused minor out- 
breaks, it was not established that they had been responsible for the 
spread of cholera from one country to another, At the same time, there 
was growing evidence that the vibrios found in carriers were small in 
number. d’Herell’s (as quoted by Bonne, 1948a), view, that vibrios 
excreted by the contact carrier were not dangerous because they were 
mutants, found acceptance in some quarters. In a chronically endemic 
area, such as Bengal, there was probably never a time in the year when 
someone or the other in a district was not suffering from mild and un- 
suspected cholera, and it was considered by some that these ambulatory 
cases kept the disease alive, mainly by the infection of water with their 
stools, 

The role of haemolytic vibrios in the causation of cholera was also 
not established. The choleragenic strains of the vibrio, according to 
the classification of Gardner and Venkatraman (1935), fall in the ‘O?’ 
sub-group I which included not only the true non-haemolytic cholera 
vibrios but also the haemolytic El Tor strain. The position of the 
haemolytic strains of sub-group I in the causation of cholera in India is 
not clearly defined. In Celebes, certain outbreaks of cholera in 1937-38 
were ascribed to the El Tor strain, but in India they have so far not been 
associated with any cholera outbreaks, and Venkatraman, Krishnaswami 
and Ramakrishnan (1941) stated that they repeatedly found them in 
natural water sources in South India even during the periods when 
cholera was altogether absent. 


Whether agglutinable cholera vibrios from a suffering case or healthy 
carrier are turned into inagglutinable forms on gaining admission to 
natural waters and vice versa was far from settled. Taylor and Ahuja 
(1935) isolated agglutinable vibrios from healthy individuals in an 
endemic area in Bengal and these were serologically indistinguishable 
from an authentic cholera strain maintained in sub-culture when 
examined both by qualitative and quantitative methods. They also drew 
attention tothe behaviour of vibrios isolated from water in an area which 
had been free from cholera for a number of years and which was widely 
separated from cholera endemic areas. These vibrios, initially were 
inagelutinable, but when cultured for six months in the laboratory they 
developed all the characters of an authentic cholera strain including 
‘H?’ and ‘OQ’ agglutination to full titre and were indistinguishable from 
cholera strains when qualitative and quantitative tests were applied. 
This strain, however, differed in chemical structure from the cholera 
strain with which it was compared and from the agglutinable * carrier j 
vibrios. Vibrios possessing five different types of chemical structure, as 
shown by the nature of their protein and carbohydrate fractions, gave 
identical serological and biochemical reactions. It thus appears that 
serological methods of examination alone are not sufficient to establish 
definitely the differences existing in vibrios. The epidemiological signi- 
ficance of vibrios, which are agglutinable with cholera high titre serum 
but at the same time differ in chemical constitution from V. cholerae of 


CHOLERA 475 


the type commonly isolated from cholera cases in India, has yet to be 
determined, and it is possible that further investigation on this subject 
may throw light on the role of the carrier in cholera. 


Tomb and Maitra (quoted by Bonne, 1948b) held the view that 
agglutinable vibrios from cholera patients would become inagglutinable in 
tank water in 12 to 20 hours, but Vardon (1940) pointed out that cholera 
bacteriophage might have been present in the tanks and responsible for 
this change. The literature available in respect of the transformation of 
cholera vibrios into inagglutinable vibrios and vice versa provides no 
convincing proof that inagglutinable vibrios would change into cholera 
vibrios. ‘he changing of cholera vibrios into inagglutinable vibrios by 
the action of bacteriophage is possible, but the question as to how and 
where cholera vibrios exist between epidemics still remains to be satis- 
factorily answered, and in the light of the knowledge available at present, 


it seems hardly acceptable thatthe changing of inagglutinable vibrios into 
cholera vibrios is the explanation. 


In the present stage of our knowledge, it is also not possible to 
explain why the El Tor vibrios are responsible for cholera outbreaks in 
one place such as Celebes but are harmless in others, such as India and 
Egypt, where they have been isolated from human beings and natural 
sources of water even in the absence of cholera epidemics. 


INCIDENCE IN THE INDIA COMMAND 


The number of cholera cases occurring among the troops in India 
during 1939-46 is given in Table I. 


TABLE 1 


Incidence (actual number) of cholera cases—VCOs & IORs and BORs— 
India Command—1939 to 1946, 


Year VCOs & | BORs 
| IORs | 
1939 m 7 l bi 
1940 q y 1 1 
194] e | 61 95 
1942 BN > 47 i 
1943 nos se 154 4 
1944 o. a 70 8 
1945 w .. 87 16 
1946 mM ve 100 | F 
} 
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It will appear from Table I that during 1939-42, there were only a few 
cases among the Indian and British troops, although they were called 
upon to garrison security posts in unhealthy areas, were subjected to 
unusual moves by road and train throughout the period and severe 
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epidemics of cholera prevailed among the civilian population at various 
places. 


During the year 1943, an outbreak of a serious nature occurred in 
Mansar Camp near Campbellpore in the Rawalpindi area, with sporadic 
cases in Jhelum, Abbottabad, Rawalpindi, Multan and Mona. In all, 
there were 125 cases with seven deaths. On 24 August 1943, four cases of 
acute gastro-enteritis (two cases each from 45 and 71 Auxiliary Pioneer 
Battalions) were admitted into the military hospital at Campbellpore 
from Mansar Camp. None of these was diagnosed as cholera, but in 
view of the subsequent developments it appears that these were the earliest 
cases of cholera although bacteriological examination failed to show the 
presence of cholera vibrios. On 3 September 1943, four cases were 
admitted from 71 Auxiliary Pioneer Battalion with one death. Next 
day 72 cases were reported and cases continued to occur till 9 September 
1943, as shown in Table II. 


Tate IT 


Actual number of cholera cases and deaths—45 and 71 Auxiliary Pioneer 
Batialions—3 September to 9 September 1943. 
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Date | Cases | Deaths 
3 September 1943 4 1 
4 September 1943 72 1 


5 September 1943 pe 
6 September 1943 TE 
7 September 1943 T 6 


a 
food jad p ford 6 


8 September 1943 10 
9 September 1943 4 
Total 124 6 
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Cholera infection was not proved in eight of these cases. Thus there - 
were 116 cases of cholera in all, 107 cases from 71 Auxiliary Pioneer 
Battalion and nine cases from 45 Auxiliary Pioneer Battalion. 


There were two other units also stationed in this camp, but no 
¿Case was reported among them, The men of 71 Auxiliary Pioneer 
Battalion were predominantly from the United Provinces and the strength 
of the battalion was 1,500. The fact, that none of the 300 inoculated 
men in it developed cholera, shows that they enjoyed a considerable 
degree of immunity on account of the cholera inoculation. Fifteen 
specimens of stools from acutely ill cases showed typical cholera vibrios. 
The cause of the outbreak remained obscure, although in view of its 
explosive nature suspicion at first fell on the water supply. The supply 
for the whole camp was from one common source. It could not be proved 
that the water reservoir supplying 71 Auxiliary Pioneer Battalion alone 
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got infected. The source of milk supply for the whole camp was the same 
and could not, therefore, be incriminated. It is likely that some of the 
men, who returned from leave in the month of August 1943, may have 
introduced the disease. No cases of cholera were reported amongst the 
civilians residing in the vicinity of Mansar Camp. 

During 1945, an outbreak of ch 
Hotel, Calcutta, where not less than 23 cases were reported, nine of 
these were among the military officers. This hotel was situated in the 
main street of Calcutta and provided accommodation for 760 persons, 
which included officers as well as their families. This number was often 
exceeded resulting in overcrowding and overloading of the kitchens. 
Cholera is generally endemic in Bengal, and its incidence increases from 
January onwards with the rise of humidity and temperature until the 
onset of monsoon in June, when it begins to fall. Generally there is a 
second rise in October with the decline of monsoon, and this is followed 
by a fall in incidence as the temperature and humidity become lower until 
the minimum is reached in December and January. There was a severe 
epidemic of cholera in the civilian population of Calcutta in March 
1945, and 746 cases were notified; and in the first three weeks of April 
the number had risen to 1,168. The severity of epidemic was no doubt 
due to gross overcrowding and the extremely insanitary conditions then 
prevailing in the city. The military population, however, remained 
comparatively free from the disease, and considering how closely civil 
and military areas were intermingled in Calcutta, it reflected credit on 
the sanitation of units stationed there. No serious case of intestinal 
disease among the residents of the hotel had been previously reported. 
The hygiene officers frequently inspected the kitchen and supervised 
sanitation. There was a military medical officer resident in the premises 
and a civilian medical practitioner was employed by the management 
to look after the hotel staff. Water supply came from three tube wells 
and was chlorinated automatically. Milk was pasteurised and supplied 
in sealed churns. Ice and mineral water was manufactured in the hotel 
from chlorinated water. Food was stored in refrigerators and washing 
facilities were adequate. It thus looked that there were no grave sanitary 
defects, 

The first case in the hotel was reported on 18 March 1945. The 
case was thoroughly investigated by the DADH of the sub-area, who 
came to the conclusion that it did not originate in the hotel and that the 
infection must have been contracted from some outside source. The 
absence of further cases at that time seemed to lend support to this view. 
On 20 April 1945, the outbreak assumed an explosive character and up to 
23 April 1945, 22 cases were admitted to the hospital. There was one 
more case on 24 April 1945, and none thereafter. Investigation showed 
that three cases of cholera had occurred among the hotel employees in 
the week preceding 20 April 1945. These cases had occurred among the 
non-food handlers, but this fact had not been brought to the notice of 
military authorities. Of the 950 food handlers examined, 21 were dis- 
covered to be carriers of true cholera vibrios and none of these individuals 
had any complaint or gave history of having suffered from any of the 
symptoms of cholera. It is obvious that these were sub-clinical cases. 


olera also occurred in the Grand 
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The examination of the stools of such a large number of men at frequent 
intervals was impracticable. The standard of personal hygiene of the 
average food handler was low, and there appears to be no doubt about 
the fact that the outbreak was due to the presence in the hotel of these 
infected food handlers. An interesting feature about this epidemic was 
that there were a number of cases with such mild symptoms that they 
~ could not have been suspected as suffering from the disease if the stool 


culture had not been carried out. 


Stringent measures had to be adopted to contro! the Grand Hotel 
epidemic. The hotel kitchens were closed and no food and drinks were 
served to officers while they still continued to reside in the hotel. Staff 
and residents were inoculated with anti-cholera vaccine; all food handlers 
were examined by anal swabs and culture. Residents and staff com- 
plaining of diarrhoea were immediately removed to hospital for observa- 
tion and stool culture. These measures ultimately succeeded in con- 
trolling the epidemic. 

During 1945, cholera outbreaks were also reported from Jhelum 
and Lucknow. In Jhelum the outbreak was confined to 8 Motor 
Transport Training Company. On 8 July 1945, 12 cases were admitted 
to the hospital, and six more cases on the following two days, and the 
last two cases on 12 July 1945. The source of infection was not traced, 
and investigations were rendered difficult by the fact that during their 
training the personnel drove convoys throughout the North-West Frontier 
Province, and the possibility of their acquiring infection from one of the 
villages en route could not be ruled out. It was also discovered that milk 
was being supplied to the unit by a contractor in Jhelum city whose 
premises were far from satisfactory. l 


Thirteen cases occurred in Lucknow during May 1945. These 
were not confined to any particular unit and at that time cholera was 
prevalent in the city. 


During September 1946, there were 19 cases of cholera at the 
indian Miltary Academy, Dehra Dun. Five ambulant cases were 
discovered amongst the cook-house staff. Previously, there had been 
two outbreaks in Dehra Dun, the first being a minor outbreak among the 
IORs of the 8/15th Punjab Regiment in which six cases were reported. 
The source of this infection could not be discovered. The second was 
much more serious; 86 cases occurred in the boys companies of the 2/9th 
Gurkha Regimental Centre. The outbreak commenced on 3 August 
1946. There were five deaths. Investigation was inconclusive and no 
ambulant cases were discovered among the food handlers, but the avail- 
able evidence suggested that the milk supply was probably the cause of 
the infection, though many samples of milk were examined bacterio- 
logically with negative results. At that time, no cases of cholera were 
reported from the city of Dehra Dun though cholera was epidemic in 
the surrounding country throughout the year. 


Incidence of Cholera on the Indo-Burma Front: The incidence of cholera 
on the Indo-Burma front, Burma and SEAC (excluding Ceylon) is 
given in Table III. 
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TABLE [III 


Incidence (actual number and rate per 1,000) of cholera—All forces—Indo- 
Burma Front, Burma and SEAC (excluding Ceylon)—1942 to 1945. 
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Indian troops .. | 75 | 0-52 | 265 |0-70/ 64 (0°15) 65 | 0-16 
British troops .. | 22 | 0-44) 31 [0-451 4 0-04 | 7 | 0-08 
West African Othe ! 

Ranks | ou fou foe toe to 5 fous] 2 | 0-05 
All troops .. | 97 | 0°50 | 296 eee 73 |0-141 74 | 0:13 











In March 1942, an outbreak of cholera occurred among the East 
African troops encamped at Anuradhapura in Ceylon. The East African 
Brigade arrived in Colombo on 22 March 1942, and owing to the city 
being already overcrowded with troops, the brigade was sent to the 
north of Anuradhapura on disembarkation from the docks. The 
Director of Medical and Sanitary Services, Ceylon, had informed the 
military medical authorities that Ceylon had been free from cholera 
for some years. As the landing facilities in Colombo for the disembarka- 
tion of vehicles were extremely limited, the water carts were not unloaded 
and the troops went into the new areas without them. In the case of 
two units, one of which was subsequently affected by cholera, cooking 
utensils were not sent forward with the unit and arrived only at 0900 
hours on 23 March 1942. A water-point was being built when the troops 
arrived and was not completed until 1800 hours on 25 March 1942. The 
troops had no adequate means for storing or chlorinating water. They 
were in bivouac just outside the town of Anuradhapura on the shores 
of a large lake. On 26 March 1942, an orderly died suddenly in the 
lines of 2 Zanzibar Field Ambulance which had moved on 25 March 
1942 from brigade bivouac area to a pilgrim rest house in the town. 
This man was found to have eaten cheap tinned food. As a tin of this 
food was found to be blown and rusty, the case was diagnosed as acute 
food poisoning. Later on the same day, an Askari of the 1/4th King's 
African Rifles died suddenly in the lines after consuming similar tinned 
food. Each case had a history of sudden and severe diarrhoea, vomiting 
and collapse. 


On the night of 26 and 27 March 1942, 44 cases suffering from 
acute and very severe vomiting and diarrhoea from the battalion were 
admitted to the hospital, and stool examination showed cholera vibrios. 
The source of infection was water supply existing in an old stone quarry 
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about 60 yards from the lines of the battalion. The water in this quarry 
pool was labelled, * Drinking water only, no bathing, no washing’, by 
the Urban District Council. A search in the area by the medical officer 
of health and the senior medical officer of the area near the well 
resulted in the discovery, at 1200 hours on 27 March 1942, of a civilian 
suffering from cholera in a hut within 200 yards of the pool. He was 
stated to have been moved to this hut from another nearer to the pool. 
The man died on 27 March 1942, and post-mortem specimens sent to 
Colombo were positive for cholera. 


Civilian cases were reported continuously after this outbreak, and 
it appears that cholera was endemic in the area, Cholera was not present 
and had not been found in East African ports during the previous six 
months. As the ships conveying the troops had not touched at any port 
on the voyage from East Africa, it is probable that the infection was 
acquired in Ceylon. 


PREVENTIVE MEASURES 


Reference has already been made to the general methods adopted 
for the control of cholera, So far as the contacts were concerned 
the policy was not to isolate them, but all persons who were suspected 
of having partaken of the same food and drink as the patient 
were kept under surveillance for five days and examined morning and 
evening. ‘Though an outbreak of cholera among the troops could be 
readily arrested by simple attention to articles of food and drink, there 
was a tendency te panic on the occurrence of a few cases on the part of 
officers, both medical and non-medical, which was often manifested in an 
uncontrollable tendency to indulge in wholesale inoculation of all con- 
tacts. The term contact was often construed to include the whole military 
population of a station or division. Such a course was obviously quite 
unnecessary. It is generally agreed that the most important factor in 
the spreadof a cholera epidemic is water supply, and in the army, the 
one single measure, which was invaluable in keeping down the incidence 
of cholera was the emphasis on the use of chlorinated water, coupled with 
effective water discipline among the troops. Its importance was amply 
demonstrated by the comparative immunity of troops to cholera through- 
out the war years, both in India and Burma, where cholera epidemics 
prevailed among the civilian population from time to time. Among 
the other factors which played their part in the low incidence of cholera 
among the troops may be mentioned the attention paid to ensure a 
high standard of cleanliness in the preparation, handling and storage 
of the various articles of food and drink, the maintenance of a high 


standard of environmental sanitation and the placing of infected areas 
out of bounds for the troops. 


_ Divergent views were at times held regarding the value of prophy- 
lactic inoculation in the control of cholera. There were two schools 
of thought. The first argued that cholera inoculation did not confer 
immunity on an individual for any length of time in the way anti- 
typhoid or anti-tetanic inoculations did, and that the duration of immunity 
in cholera inoculation varied from four to six months. On the other 
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hand, it gave the inoculated individuals a false sense of security which 
made them disregard or forget the tried and proved methods of protec- 
tion. These people also pointed out that the effects ofcholera inoculation 
in reducing mortality were practically nil when attacked and that there 
was no guarantee that heavy and persistent doses of infection by continual 
disregard of the usual precautionary measures would not break down 
the temporary barriers of protection raised by cholera inoculation. They 
also drew attention to the fact that in spite of the inoculation of millions 
of persons against cholera in India, during the last 20 years, there was 
hardly any satisfactory proof forthcoming about its efficiency in protec- 
ting against cholera beyond a short period. 


The second school, while not denying some of these facts, averred 
that mass inoculation against cholera had often been employed with 
success as the sole weapon in controlling outbreaks of cholera within a 
short time, when the application of general measures for the improvement 
of environmental sanitation was either impracticable or left much to be 
desired. A few even went to the extent of saying that attacks of disease 


during the protective period were milder and attended with lower 
mortality. 


Towards the end of the Burma Campaign in 1945, 69 cases of 
cholera were notified with ten deaths. These cases were treated with 
full doses of sulphaguanidine and very large saline transfusions (15 or 
more pints in 24 hours). Nearly all the patients had been inoculated 
against cholera during the previous four months. There did not appear 
to be any means of estimating the value of this inoculation under the 
then existing conditions of the campaign, but there was a general impres- 
sion among the medical officers that these cases were mild and that this 
might be due to inoculation. 


As a result of the statistical evaluation of anti-cholera inoculation 
in the Madras Presidency, Adiseshan, Pandit and Venkatraman (1947) 
showed that the uninoculated persons in a population at risk were 
susceptible to an extent of over ten times in getting cholera, as compared 
with those inoculated. The policy followed by the military medical 
authorities was that routine anti-cholera inoculation should not be 
adopted as the sole measure for the control of cholera. The considerable 
degree of immunity from cholera, which the troops enjoyed, was un- 
questionably due to the protection afforded by good water supply, 
hygienic control over food and drink and careful watch over the occur- 
rence of the earliest cases of cholera. The mass inoculation of troops 
was justified only when an epidemic among the civilian population 
approached close enough to threaten the military population. The 
occurrence of a civilian case near a military camp, or a few military 
cases within the camp, or an epidemic of cholera among the civilian 
population some miles away was not regarded as sufficient ground for the 
wholesale inoculation of troops. When inoculation was ultimately 
decided, the practice recommended was to inoculate 1/2 c.c. of the vaccine 
in the first dose followed in seven to ten days by 1 c.c. H, however, time 
did not allow this to be done, the inoculation was performed in one 
single dose of 1 c.c. 
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CHAPTER XIX 
Dengue | 


Dengue is generally prevalent in tropical and sub-tropical countries 
where it is confined mostly to the coastal regions and the deltas of 
great rivers. The importance of dengue for the military authorities lies 
in the fact that it spreads rapidly so that an epidemic may strike down 
60 per cent. or more menina force and leave the victims incapacitated for 
some weeks thereafter. In 1921, nearly half the population of Brisbane 
in Australia was affected by dengue in the course of a few weeks. In 
the tropics, its incidence is often a concomitant of the monsoon. In 
the sub-tropics, it is a disease of late summer and autumn. The disease 
occurs in India in the eastern half of the country, mainly the north-east. 
The highest incidence in Bengal is in August and September when it 
generally occurs in an epidemic form. In lower Burma, particularly 
along the delta of the river Irrawaddy, the disease is endemic and sharp 
outbreaks occur from time to time. During World War II, these regions 
contained alargenumber of troops who took part in the Burma Campaign. 
In an island in the South-West Pacific region, 25 per cent, of the military 


oan was affected and 80,000 manpower days were lost (Stewart, 
1944). 


INCIDENCE IN THE INDIA COMMAND 
The highest incidence of dengue in the Army-in-India was in the 
Eastern Command and to a lesser extent in the Southern Army. The 


disease was mostly confined to British troops. The admission rates per 
1,000 from 1939 to 1946 in the India Command are given in Table 1. 


TABLE I 


Incidence (rate per 1,000) of dengue—VCOs €? IORs and BORs—India 
Command—1939 to 1946. 





| | | 
Troops | 1939 | 1940 | 1941 | 1942 | 1943 | 1944 | 1945 | 1946 
VCOs & IORs .. | 1:11 | 1:14 1 0-83 | 2-05 | 1-40 | 1-31 | 0:51 | 0-22 
BORs | | 9°58 | 6:81 '11-11 (11:56 | 8-41 18:72 | 9:58 | 4°15 
i 














The disease showed marked annual variations and it appeared in an 
epidemic form in certain areas and then died away. In 1939, there were 
epidemics in the Presidency and Assam District and Lucknow District, 
which materially affected the all India figures for British troops. Cases 
occurred practically throughout the year but the curve of incidence had 
two peaks, August and November for the Indian troops and May and 
August for the British troops, which is shown in Table Il. | 


484 PREVENTIVE MEDICINE 


TABLE I] 


Monthly incidence (percentage to total cases of dengue)—VCOs S 1 ORs and 
dd Re India Command—1939. 
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In the Presidency and Assam District, where 288 cases occurred 
in 1939 among the British troops, the epidemic was most marked in 
Calcutta where 268 cases were recorded, including 73 cases in May, 
In Ambala, a minor epidemic occurred among the officers, their 
families and servants. The outbreak was unusual in that it was 
confined to certain bungalow areas. In Lahore, where Aedes aegypti, 
Aedes albopictus and Aedes vittatus were common, typical cases of dengue 
were also reported. In the Southern Command, which had 45 cases 
of dengue, 14 cases came from Bombay and an equal number from 
Madras. So far as the Indian troops in these two cities were concerned, 
they remained unaffected but those stationed in the town of Bangalore 
had 78 cases. In 1940, in respect of the Indian troops, the stations chiefly 
affected were Dacca, Madras, Alipore and Bangalore. All the dengue 
cases which occurred among the British troops at Agra in that year 
were limited to those stationed in the fort close to the mosquito breeding 
areas near the river Jamuna. 


In 1942, the Indian troops showed a higher rate compared to the 
average of the last nine years. The British troops also showed a little 
higher incidence than the average of the last ten years; in the Eastern 
Army, the incidence per 1,000 was 38:2 as against 11°6 for the rest of 
India. The incidence of dengue in the Eastern Army as compared 
with the India Command during 1942 to 1945 was as follows: 


TabLE 111 


Incidence (rate per 1,000) of dengue—VCOs © IORs and BORs Eastern 
Army{Fourteenth Army and India Command—1942 to 1945. 
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PREVENTIVE MEASURES 


The adoption of general anti-malaria measures was responsible 
for the reduction of the vector species ofdengue also, and the improvement 
noticed in 1944 and 1945 in the admission rates per 1,000 for dengue in 
the Eastern or the Fourteenth Army was due to the greater vigour with 
which the anti-malaria measures were pursued and to the increasing use 
of DDT. A similar improvement was noticed in Okinawa where a 
dengue-like fever had made its appearance about April 1945 among the 
USA troops (Johnson, Martin and Breslow, 1946). The incidence 
increased gradually, reaching its peak in the middle of July 1945, and 
then fell similarly to zero about the middle of August. This rapid decline 
was associated with the mosquito control which had become well esta- 
blished by the middle of July 1945. 


The feasibility of carrying out effective measures for the control of 
dengue, even under the limitations imposed by military operations, was 
demonstrated by Zeligs, Legant and Webster (1944). In a South 
Pacific island, the personnel were exposed to great risk of infection 
because of the frequent visits of aviators from another island, 450 miles 
distant, where dengue prevailed in an epidemic form and where Aedes 
aegypti were abundant. Among the methods which were ngorously 
enforced was the segregation of the sick in a screened camp in an area 
free from Aedes aegypti. The patients were kept within mosquito curtains 
during the first five days of fever. Men in the area, from where the 
patients had come, were kept under surveillance and seen twice daily; 
their quarters were sprayed with insecticides, and the use of protective 
clothing such as full length trousers and shirts and mosquito-nets together 
with applicationof repellent to the exposed parts ofthe body was enforced. 
Every one was directed to report immediately any illness, howsoever 
mild. A thorough anti-mosquito campaign was carried out all over the 
island and the cargo of all visiting planes was sprayed and their personnel 
kept under close observation. 


Outbreaks of dengue sometimes occurred in which the vector species 
was slightly different from the accepted carriers. Cases of dengue were 
also reported in considerable numbers from among the Australian troops 
in New Guinea, who lived in jungle or coconut groves far removed from 
the local population. The recognised vectors, Aedes aegypit and Aedes 
albopictus, were not to be found in these regions and careful search showed 
that Aedes scutellaris was responsible for the transmission of the disease 
(Mackerras, 1946). By studying the habits of this mosquito and attacking 
its breeding places and at the same time taking steps to protect the troops, 
particularly those suffering from dengue, from mosquito bite by repellents 
and mosquito-nets the disease was kept under control (Fairley, 1945). 


Carson (1944) described an epidemic of dengue in an island in the 
South-West Pacific area where, in addition to the two known vectors, 
Aedes aegypti and Aedes albopictus, another mosquito, viz., Aedes albopicius 
var hebrideus which bred in holes in tree trunks, was probably concerned 
in the transmission of dengue. Infection in the area was spread chiefly 
through aviation personnel from island to island, and control was at 
first inadequate owing to the failure to recognise the fact that Aedes 
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mosquitoes bite by day as well as by night and also owing to the laxity 
in applying mosquito control measures. 
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CHAPTER XX 
Diarrhoea and Dysentery 


It is convenient to consider diarrhoea and dysentery (both amoebic 
and bacillary) together as both are marked by intestinal flux, and there 
is not much material difference between diarrhoea characterised by the 
passage of loose stools and dysentery characterised by frequent loose 
motions with blood and mucus. Diarrhoea is often the precursor of dy- 
sentery, and many mild attacks of dysentery are often miscalled diarrhoea. 


Probably the great majority of undiagnosed diarrhoea in India are really 
mild cases of dysentery. 


During World War IJ, diarrhoea and dysentery were among the 
important causes of sick wastage among the troops on the Burma front 
and in the India Command. Although these diseases have a world-wide 
distribution, their importance in military campaigns, particularly in 
tropical and sub-tropical countries, has been so great as to demand the 
most serious attention of military hygienist. Bacillary dysentery and 
diarrhoea have been counted among the important ailments affecting 
the armies in the field, and examples can be recounted of the many 
campaigns in the past which were brought to the verge of failure by these 
diseases. One of the factors, which possibly contributed to the victory of 
the British forces over those of Rommel in Africa in World War 11, was 
the high prevalence of dysentery among the German troops. Diarrhoea 
and dysentery are widely prevalent in India and there is no doubt that 
faulty sanitation, common all over the country, is in no small measure 
responsible for it. The periods of greatest incidence are autumn and 
spring, which coincide with the maximum amount of fly breeding. 
Amoebic dysentery is, on the whole, much less prevalent in India than 
the bacillary variety, and the highest incidence of the former lies in the 
regions with moist climates such as Bengal, Burma and Malaya. During 
the course of ten years of routine examination of patients admitted to the 
School of Tropical Medicine, Calcutta, Das Gupta (1944) observed that 
the percentage of cyst-passers among 10,322 persons examined was 
10:87. During active service, diarrhoea and bacillary dysentery are liable 
to occur in an epidemic form, whereas amoebic dysentery tends to be 
more insidious and gives a steady number of cases throughout the year. 


INCIDENCE IN THE INDIA COMMAND 


Indian Troops: A somewhat different picture was presented by this 
group of preventable diseases so far as the Indian troops were concerned, 
=masmuch as the admission rates per 1,000 were lower th roughout when 
compared with those of the British troops. The proximity of bazaar 
areas, saddar and municipal, played an important part in the fly-borne 
infection in the case of Indian as well as British troops; the former often 
bought foodstuffs in these bazaars but they had the counteracting factor 
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of relative immunity in their favour when compared with the British 
troops. In fact, in 1939, there was a slight reduction in the admission 
rate per 1,000 of these diseases for the Indian troops. The Eastern Com- 
mand had showed a steadily rising rate during the previous five years, 
Jhansi had the highest rate which was attributed to the proximity of the 
municipal trenching ground from which a mass of flies used to emerge, 


Compared with 1939, the admission rate per 1,000 of Indian troops 
for this group of diseases, in 1940, increased from 23-5 to 33-9. This year 
had been in fact the worst during the previous eight years. The composi- 
tion of the Indian Army was also undergoing a change. The healthy, 
well disciplined and mature Indian soldiers were diluted by old reservists, 
young recruits and territorial and State forces. Overcrowding increased 
in most stations, particularly in the training units, and men in general 
were not so well versed in sanitary discipline as their predecessors. 
During 1941, the admission rates for diarrhoea and dysentery were higher 
than those for 1940, mainly owing to the decline in the standard of 
sanitation, increase in the number of recruits and the necessity for large 
bodies of troops to spend their time in camps where effective sanitation 
was difficult. The rise noticed in the incidence continued in 1942, but 
in 1943 there was some decrease although the figures were much higher 
than those of the pre-war years. Further decline in the incidence of 
these diseases continued in 1944 and 1945, but it was observed that the 
fall was greater in the case of dysentery than diarrhoea. The year 1946 
was marked by further fall in the incidence which was approaching that 
of pre-war years, especially as regards dysentery. 


During World War II, thus, the incidence of diarrhoea and dysen- 
tery among the troops in India, both Indian and British, had increased 
owing largely to the inevitable deterioration of sanitation. There was 
also a shift in the concentration of troops from the drier regions of the 
north-west to the more humid regions in the east of India, and to a 
lesser extent in the south, and this was responsible for the rise of the 
incidence of amoebic dysentery in the Army-in-India. The incidence 
of diarrhoea and dysentery group among the Indian and British troops 
in the India Command during 1939 to 1946 is given in Table I. 


British Troops: In 1939, the incidence of these diseases among the 
British troops was the highest when compared with the previous 20 years. 
This was due partly to the reduction in the strength of the troops most of 
whom proceeded on active service on the outbreak of the war, and the 
individuals left behind were generally those who were unfit or in in- 
different health. Comments received from the various districts and 
commands in India also indicated that the dysenteric infection was to 
some extent the result of the lack of sanitation in the areas surrounding 
the cantonments. In some places evidence was produced to suggest 
connection between chronic cases, who were carriers, and the fresh ones. 
Investigations made into an epidemic of diarrhoea-dysentery group in 
Lahore resulted in the discovery of a chronic case, who'was a fruit hawker. 
In another large cantonment, 0-07 per cent. of the servants, who were 
chronic cases, were proved on examination to be carriers of dysentery 
organisms, amongst these was the head cook of a fashionable hotel in 
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which 50 officers were residing with their families. In another station 
two cases among officers, who suffered from dysentery, were traced to 
direct infection by the servants of the hotel where they were living. 


A view invariably held by the experienced officers was that the 
dysenteric infection was in most cases fly-borne, a fact which was con- 
firmed by a study of the seasonal incidence of the disease. There were 
two periods when the incidence was markedly high, one from February 
to April and the other from mid-July to late August. A general belief 
also prevailed that the use of horses in army units was responsible for fly- 
breeding and that the increasing mechanisation of the army with the 
consequent reduction in the number of horses would ultimately lead, to 
some extent, to the reduction of fly nuisance in the cantonments. Actual 
observation, however, showed that it was more often in the stables in 
officers’ compounds than in the unit lines that the fly-breeding abounded. 


Compared with 1939, the admission rate of this group of diseases 
in 1940, increased from 47:8 per 1,000 to 58:7. The most striking feature 
in the curve of incidence for 1940 was the fact of two steep rises, one in 
April and another in August. These were the months in which fly- 
breeding was at its highest. The highest rate of admission, i.e., 67 per 
1,000 was noticed in Northern Command. Incidentally, this was the 
highest rate that had so far been recorded in this command. It was 
largely due to the influx of cases, in April and May 1940, from operations 
carried on in the Ahmadzai Salient in Waziristan. In the Eastern 
Command, a minor epidemic occurred at Agra in August 1940 due to 
the defective fly-proofing of the dining halls. No cases were recorded 
after this defect was rectified. In an outbreak at Karachi in an infantry 
battalion, all the companies were heavily affected except one with a 
fly-proofed dining hall in which only one case occurred. 


In 1941, the admission rate per 1,000 for this group of diseases rose 
to 937. During this year, as well as the previous one, a large proportion 
of the officers and-men serving in the British units in India consisted 
of those who were accustomed to modern sanitation and who did not fully 
appreciate the care and attention required in the disposal of excreta 
under Indian conditions. They were also indifferent about the protec- 
tion of food and drink from contamination. In addition, most of the 
military stations were overcrowded with Indian recruits fresh from 
villages, where sanitation was practically non-existent. It is thus not 
difficult to understand that these men, because of their ignorance, took 
some time to learn the elementary rules of hygiene. A further contri- 
butory factor was that the expansion of cantonments and the dispersal 
of units in camps during operations and training greatly increased the 
difficulties of sanitary control. Finally, the bulk of the population at 
risk, being composed of young recruits and new arrivals in India, was 
lacking in that immunity to bacillary dysentery, which seasoned residents 
in India generally acquire. This was borne out by the fact that the main 
increase in incidence was for diarrhoea; and diarrhoea in India is probably 
often a mild undiagnosed bacillary dysentery. 


The year 1942 was marked by a still higher incidence; the admission 
rate per 1,000 had risen to 124-4. This rate was in striking contrast to 
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that of the enteric group of fevers (1:6 per 1,000). That the two diseases 
with similar sources of infection should show such divergent rates of 
incidence is explained by the fact that for the enteric group there is an 
efficient prophylactic vaccine but for the dysentery group no such vaccine 
exists. Among some of the factors promoting increase in the incidence 
noticed in 1941 and 1942, the following, besides those already stated, 
may be mentioned. The major proportion of the British troops in 
India spent the year 1942 under camp conditions where sanitary arrange- 
ments were inevitably primitive and generally unsuitable for a country 
where dysentery is rife in the civilian population and where the house-fly 
abounds. In the construction of the hutted camps, contractors generally 
failed to observe the elementary principles of sanitation. They housed 
their labour under extremely insanitary conditions and not only was the 
ground, which was subsequently occupied by the troops, fouled, but also 
formed a source of infection to the neighbouring troops. The sanitary 
standards of clubs, messes, hotels and restaurants had also markedly 
deteriorated. They were generally crowded, understaffed and provided 
with inadequate kitchen and scullery facilities. New restaurants and 
messes sprang up like mushrooms to meet the demands of the ever-expan- 
ding army. The controlling staff of these places was usually ignorant 
of any knowledge of catering or hygiene. ‘The dust nuisance had also 
increased out of all proportion to the pre-war days in India, and the 
amount of dust inhaled and swallowed by individuals hving in the midst 
of dusty camps must have been enormous. When it is remembered 
that dust is usually contaminated by the micro-organisms of various 


kinds, its effect on the intestinal tract would necessarily be to predispose 
it to inflammatory conditions. 


During 1943, a fall was noticed in the admission rate per 1,000. 
This was mostly due to the improvement in sanitary discipline of the army 
and the consequent improvement in sanitation. Moreover, the propor- 
tion of troops serving their first year in India had diminished. The rate 
of admission, however, went up again in 1944. 


In 1945, there was only a slight decline in the admission rate per 
1,000, and this was somewhat disappointing, considering the fact that the 
spraying of barracks and camps with DDT was extensively carried out 
during the year. Although the spraying campaign was primarily directed 
against the mosquitoes yet it affected the fly population also, which was 
considerably reduced. However, as its breeding grounds were not 
always sprayed with DDT the desired improvement could not be 
obtained. Infection by food-handlers continued to be an unsolved 
problem though repeatedly attention was directed to cook-house hygiene, 
particularly to the cleanliness of the hands of cooks and waiters. The 
continuance of the contractor system of messing, which was extensively 
employed and which involved a constantly changing staff of food- 
handlers over whom no effective control could be exercised, was an addi- 
tional factor which prevented any improvement. It was also noticed that 
with few exceptions the hospital admission rate for officers was much 
higher than that for the other ranks. This might be explained by the fact 
that the contractor system of messing was more extensively used for 
officers’ messes and also to the fact that officers made much more 
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use of the restaurants than the other ranks, especially in the course of 


journeys. 

During 1946, there was satisfactory reduction in the incidence of 
these diseases, the rate of admission showed a decline to 76:6 per 1,000, 
as compared with 188°8 in 1945. The DDT spraying organisation 
formed in the previous year also got into full stride during the year and 
was one of the most important factors in the reduction of fly nuisance. 


TYPES OF DYSENTERY ORGANISMS FOUND IN INDIA 


The principal causal organisms found in bacillary dysentery in 
India were Bacterium dysenteriae Shiga; Bact. dysenteriae Flexner, Bact, 
dysenteriae Boyd, Bact. dysenteriae Sonne and Bact. dysenteriae Schmitz. 
The first and the last belonged to the non-mannitol fermenting group 
and the rest to the mannitol fermenting group. At a conference of 
pathologists in the Southern Command in India it was pointed out 
that out of a total of 1,145 patients treated for dysentery in the Poona- 
Kirkee area, 20-52 per cent. were positive for bacillary dysentery organisms, 
26-81 per cent. for Entamoeba histolytica and 0:96 per cent. for both enta- 
moeba and bacillary dysentery type of organisms. Out of the 218 strains 
in which the dysentery organisms were isolated in one hospital, 51:8 
per cent. were of the Flexner type (I to VI), 2:3 per cent. Boyd type 
(I to III), 16:5 per cent. Sonne, 12 per cent. Shiga and 17-4 per cent. 
Schmitz. The various types of organisms of bacillary dysentery isolated 
in all the military laboratories in India from 1939 to 1941 are shown 
in Table IT. 


Taste If 


Types of dysentery organisms isolated in all military laboratories in Indta— 
1939 and 1940-41, 


—_ 


Types of dysentery 1939 | 1940-41 
organisms A ae Lee ee, See 
Number | Percentage Number ¡| Percentage 


PR rn AE AS > er os A NR tr mc HN. 


Bact. dysenteriae | | 





Flexner, types I to VI 1,395 | 49:6 2,296 52:4 
Bact. dysenteriae 

Boyd, types I to III 468 | 16:6 498 11:3 
Bact. dysenteriae 

Sonne | 474 | 168 | 672 15:3 
Bact. Dysenteriae 

higa .. P 298 10:6 573 131 

Bact. dysenteriae 

Schmitz .. | 181 6:4 345 7:9 





Leishman and Kelsall (1944) observed that out of 261 proved cases of 
bacillary dysentery examined in a large hospital in Western India, 
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during 1942-43, 52-4 per cent. were of the Flexner type, 15°7 per cent. 
Shiga, 13-8 per cent. Sonne, 8:8 per cent. Boyd. and 8°8 per cent. Schmitz. 


Most of the patients were British soldiers and a few were Indians and 
Anglo-Indians. 


Payne (1945) found 2,000 cases of dysentery in forward areas and 
base hospitals of which 1,000 were of the amoebic type. Except in a few 
cases of hepatic amoebiasis, the diagnosis of amoebic dysentery was not 
made until E. histolytica was demonstrated in the stools or typical ulcers 
were seen in the gut. Bacillary dysentery was diagnosed on the presence 
of typical bacillary exudate. Shortage of equipment precluded the 
use of cultures for diagnosis on any large scale, and such cases which 
showed an indefinite exudate were grouped as clinical dysentery. Some 
were doubtless cases of bacillary dysentery which were healing while 
others were of amoebiasis with very scanty protozoa in the stools. The 
proportion of the types of dysentery cases observed in the casualty 
clearing stations and base hospitals is given in Table IIL 
































Tase III 
Proportion of the types of dysentery cases in casualty clearing stations and base 
hospitals. 
i | 
| Bacillary | Amoebic | Clinical 
Total | dysentery | dysentery | dysentery 
Source of | Diagnostic | Num- MEA (ee A 
cases rocedure ! ber Per- | Per- | er- 
t | pi “| cen- | ber "| cen- ee "| cen- 
| ds | tage | tage | tage 
Consecutive | One stool | | 
cases passing examination, | 
through cas- | cases evacu- 3 | 
ualty clear- j| ated to base | | | 
ing stations ¡hospitals 149 27 po 12 | 47 al 541 75 i 34 
| 
Base hospi- | Stool exami- | i i 
tals nations with | 
sigmoidos- 
copy in few | 
cases .. | 380 | 136 135-79 | 193* [50°79 | 51 ¡13:42 ' 
Base hospi- | Sigmoidos- i | 
tals copy and | i | 
stool exami- | | 
pation 500 | 163 32-60 | 982+ 56-40 | 55 (11-00 








* Includes 27 double infections. 
+ Includes 38 double infections. 


Amoebiasis was one and half times as common as bacillary dysentery. 
The stay in a hospital of amoebiasis cases varied from a minimum of 
three weeks up to several months, usually 28 days in uncomplicated cases, 
whereas in bacillary dysentery the stay was four to fourteen days, usually 
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cight days. The time lost from dysentery in one unit, over a period of 
eight months, averaged 27 days in cases infected with E. histolytica and 
two to three days in those not so infected. The mortality from amoebiasis 
was 0:83 per cent., whereas no death occurred from bacillary dysentery 
in nearly 700 cases. Both the conditions appeared to be mainly fly-borne; 
for instance, owing to the use of wet fuel and an unsuitable incinerator 
in one unit, large numbers of flies were found to breed in unburnt faecal 
matter and invade the cook-house which was only a hundred yards away. 


> INCIDENCE IN SEAC 


Next to malaria, the most important cause of sickness amongst the 
troops in the SEAC was dysentery. Marriott (1945) was of the opinion 
that one man out of every ten in the eastern operational area was admitted 
to the medical units for treatment, in 1944, on account of diarrhoea and 
dysentery. There were probably many more who were not bad enough 
to be admitted, and men with mild diarrhoea did not even report to their 
RMOs. Diarrhoea showed a tendency to appear in an epidemic form 
during the monsoon months. In May, June and July in 1944, the 
number of cases in the Fourteenth Army probably exceeded 1,00,000. 
Earlier investigations regarding the wastage of manpower in jungle 
warfare had shown that a greater part of the sickness due to diarrhoea and 
dysentery arose from bad water discipline among individual TORs, 
who could often be seen drinking and rinsing their mouth from pools 
and streams. Equipment such as water-carts and adequate static instal- 
lations, e.g., for rest camps, were at times Jacking. One rest camp was 
found supplying unchlorinated river-water for all ranks to drink. There 
was a tendency at times on the part of some to regard water discipline of 
little importance in Burma. Highly disciplined troops like Gurkhas 
were observed adding bleaching powder to their drinking water but they 
regarded it as a form of medicine and drank the water forthwith. Satis- 
factory water sterilisation outfits for personal use were also not available 
in adequate numbers in forward areas at that time. 


At one time in 1944, the proportion of patients, among those 
admitted to ALFSEA medical units, in whom amoebae were found, 
was nearly 20 per cent. The incidence of amoebic dysentery among the 
milder cases not admitted to hospital was probably much lower, parti- 
cularly during the rapidly spreading monsoon epidemics which bore 
in a greater measure the characteristics of bacillary dysentery. How- 
ever, the incidence of amoebiasis, though not greater than that of bacillary 
dysentery, caused the gravest concern because of its serious effect upon 
the individual. The relapse rates of amoebic dysentery were high, and 
it was common experience that, with each successive attack of the disease, 
it became increasingly difficult to control the infection until finally a 
stage was reached at which there was no response to treatment, and the 
unfortunate soldier had to be invalided out. From the army point of 
view, an even more unsatisfactory feature was the large number of men 
with symptoms too indefinite to make them seek admission to a hospital; 
they remained in poor health on account of unrecognised and uncured 
amoebiasis. In the SEAC, amoebiasis was the most important single 
cause of protracted illness and invaliding. It was the experience of 
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some medical officers in Arakan that amoebic dysentery was more common 
among the British troops, owing to their greater susceptibility to 
amoebic dysentery than the Indian troops. Probably the latter had 
acquired some degree of immunity from sub-minimal doses of infection 
continuously received all over India. In Arakan, amoebic dysentery was 
endemic. In one BGH, out of 100 cases in a month at one time, 62 
cases were of amoebic infections. It was considered that the main source 
of infection was cyst-infected water supplies. 


The seriousness of the non-amoebic infections, such as bacillary 
type of dysentery, lay in their potentiality for giving rise to rapidly 
spreading epidemics. Such outbreaks could temporarily incapacitate 
divisions, corps or even a whole army if the infecting organism happened 
to be of a virulent type. Even the milder infections are serious, because 
they cause debility in large numbers of men and thus undermine morale. 
Fortunately, in the sulpha group of drugs there was a remedy which kept 
the oubreaks under full control, provided adequate supplies were avail- 
able. From November 1944 to May 1945, diarrhoea and dysentery 
accounted for a large number of admissions in the Burma campaign. 
Taking into account the nature of the campaign, this was not unexpected. 
The total number of cases reported during the campaign was 4,398, 
i.e., 7°59 per cent. of the total admissions or 0°12 per 1,000 per day. 
This total was spread over the various formations as given in Table IV. 


TABLE IV 


Incidence (actual number and rate per 1,000) of diarrhoea and dysentery— 
Fourteenth Army—November 1944 to May 1945. 





Rate per| Rate per Percentage of 


. Actual 1,000 1,000 total admissions 

Bormationa Number | for the per day | from all causes 
IV Indian Corps wx 1,247 0-11 6°26 
XXXIII Indian Corps 2,182 0:16 8-09 
Army troops we 434 0:08 8:43 
5th Indian Division .. 84 0:05 3-28 

11th East African Divi- 

sion : T 349 0-15 13°06 
19th Indian Division 33 0:26 16°42 
36th British Division .. 69 0:20 15°23 
0:12 7:59 





Total | 4.398 





Like malaria and NYD fevers, the admission rates in XXXIII Indian 
Corps for diarrhoea and dysentery were in general higher than those of 
IV Indian Corps. Army troops, in the main, had the lowest rate; this 
might have been due to the fact that they were generally more static and 
thus able to devote more attention to hygiene. The llth East African 
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Division recorded 649 cases from 18 November 1944 to 24 March 1945 
and the 19th Indian Division 754 cases from 30 December 1944 to 19 
May 1945. In the llth East African Division, cases were spread out 
evenly over all the units and there was no doubt that the standard of 
hygiene in it was far from satisfactory. The 2nd British, 7th Indian 
and 20th Indian Divisions had fairly high rates over a part of the period 
as shown in Table V. 


TABLE V 


Number of diarrhoea and dysentery cases—2nd British, 7th Indian and 20th 
Indian Divisions—December 1944 to May 1945. 





Number 
Division of Period 
cases 
2nd British Division .. | 321 |30 December 1944 to 7 
April 1945. 

7th Indian Division a 252 17 February 1945 to 19 
May 1945. 

20th Indian Division .. | 3,313 20 January 1945 to 19 
May 1945. 





In February 1945, there was an outbreak of diarrhoea due to food poison- 
ing in the 7th Indian Division when 86 cases were notified. On the whole, 
the maintenance of the rates for diarrhoea and dysentery at a low level 
was due to the early use of sulphaguanidine in forward areas down to 
the leve] of the regimental aid post. It was also assumed that a large 
proportion of morbidity, undoubtedly due to diarrhoea, which did not 
necessitate evacuation for medical treatment, was mainly water-borne in 
character, and improved hygiene standards, wherever adopted, were 
reflected in the low rates recorded. 


The incidence of diarrhoea and dysentery on the Eastern front is 
given in Table VI. 


TABLE VI 


Incidence (rate per 1,000) of diarrhoea and dysentery—All forces—Indo-Burma 
Front, Burma and SEAC (excluding Ceylon) —1942 to 1945. 











1945 
Diseases 1942 1943 1944 (January to 
September) 
Diarrhoea a 99-14 34-56 46:41 | 13°66 
Dysentery .. 59:14 | 47°65 53°86 18:71 





— pr heey pag tpt IO ns 
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In the outbreaks that occurred the casual organisms isolated were generally 
of the Flexner strains. Amoebic infections were responsible, as already 
stated, for about one-fifth of the total admissions on account of diarrhoea 
and dysentery. 


l The diarrhoea and dysentery group was responsible for the evacua- 
tion of 483 patients or 9 per cent. of the total casualties from sickness 
during the operations of the Special Force (3rd Indian Division) in Burma. 
It may be pointed out here that ali persons who suffered from diarrhoea 
and dysentery in the Special Force were not hospitalised; only those- 
cases who could not be treated satisfactorily by the column medical 
officers were ultimately sent to hospital, The average monthly incidence 
of diarrhoea and dysentery in the Special Force was 6-7 per 1,000 as 
shown in Table VII. a 


TABLE VII 


Average monthly incidence (rate per 1,000) of diarrhoea and dysentery—Special 
Force (3rd Indian Division). 








Brigades Admission rate per 1,000 
14th British Infantry Brigade .. ya 5-61 
16th British Infantry Brigade .. ri 11-30 
77th Indian Infantry Brigade .. ie 2°39 
lilth Indian Infantry Brigade .. T 6:14 
3rd West African Infantry Brigade ng 5:57 
Whole Force ui jt e? 6°07 





The fortnightly incidence for the diarrhoea and dysentery group in 
the Special Force for the period of the campaign in 1944 was as follows:— 


. TABLE VIII 


Fortnightly incidence (rate per 1,000) of diarrhoea and dysentery—Special Force 
(3rd Indian Division}\—18 March 1944 to 19 August 1944. 








Fortnight ending with Admission rate per 1,000 
18 March 1944 .. ia 0-16 
l April 1944 .. ca 1°61 
15 April 1944 .. gä 1:60 
29 April 1944 .. sa f 2:06 
13 May 1944 .. E 6:00 
27 May 1944 .. ise 0:23 
10 June 1944 .. aj 2-08 
24 June 1944 .. T 1-04 
8 July 1944 .. jti 3-12 
22 July 1944 .. T 6:24 
5 August 1944 .. ae 16°48 
19 August 1944 .. pi 14°18 


ze a gg 
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The main reasons for the prevalence of diarrhoea and dysentery in the 
Special Force were the poor water and sanitary discipline. Only 
indifferent attention was given to water sterilisation, and various factors 
were responsible for it. Not the least important of these was the lack 
of faith resulting from the use of the water sterilising tablets supplied to 
them; on analysis these tablets proved to have little or no free chlorine. 
Troops arriving at a water-point with empty water bottles after a long 
and strenuous march showed little inclination to- wait for the water 
sterilising tablets to act, and the operational situation did not always 
permit this to be done. The proper siting of water-points for bathing 
was not always observed. A plentiful supply of suitable water sterilising 
tablets was not always available and the use of water sterilising powder 
had to be resorted to. As this was packed in 7-1b, tins, it proved worse 
than useless, firstly, because of the difficulty in carriage, and secondly, 
repeated opening of tins and contact of the powder with the air reduced 
the available free chlorine content. Another factor causing these diseases 
was the lack of attention paid to sanitation. It was not sufficiently 
realised that the site occupied by one column might be soon occupied by 
another, As a result, strict sanitary discipline was not imposed and the 
succeeding columns were forced to live under insanitary conditions and 
great discomfort. Moreover, this lack of discipline in sanitation produced 
in effect conditions gravely prejudicial to security, as litter from *K” 
rations and latrine paper gave ample evidence of the route taken by the 
columns. For this reason, orders were issued in the case of one brigade 
forbidding the use of latrine paper. This would appear to be a fantastic 
order. In strong points trench latrines were frequently constructed, but 
they conformed to no known pattern, as they were either too shallow for 
deep trenches or too deep for shallow trenches. Further, no attempt 
was made to provide any kind of super-structure and the explanation 
given was that no timber was available, although the available material 
could have been improvised. The necessary knowledge for maintaining 
reasonably sanitary conditions is possessed by all medical officers. It 
appears that it was only on rare occasions that their advice was sought 
for or suggestions carried out in the Special Force. A very common 
explanation given was the inability of the combatant officers of the 
Special Force to supply the necessary material and personnel, although, 
on active service in Burma, little material was required which could not 
be acquired from the neighbouring jungle. When the units of the 
Special Force became static in strong points or due to road-blocks, the 
necessity of strict sanitary discipline became greater. Bore-hole latrines 
into which a charge of gelignite was dropped to increase the capacity, were 
found suitable, but it was reported that the lids were invariably kept open. 


One important cause of diarrhoea, although of a mild type, was 
the prolonged use of ‘K’ ration. After consuming it for a week or two, 
stools became loose, watery and yellow in colour. Fortunately, only on 
very few occasions did such diarrhoea prove incapacitating; it generally 
cleared up on the administration of adequate doses of chalk and opium. 


The overall admission rate per 1,000 for this group of diseases for 
the Fourteenth Army, in the year 1944, was 0'2 per day, but this declined 
to 0:1 towards the later part of the campaign, and there is no doubt that 
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the issue of sufficient quantities of sulphaguanidine to forward medical 
units and RMOs was largely responsible for it. Further, it was observed 
that the admission rate per 1,000 for diarrhoea and dysentery, from January 
to March 1945, was 0:76 although in the L of C Command it was 0:84, 


Dysentery and diarrhoea were also rife among the Allied POW 
in Japanese captivity. In one of the base hospitals over 7 per cent. of 
the cases among the RAPWI were accounted for by these diseases. Both 
amoebic and bacillary dysentery were met with. In the main base 
hospital at Nakhon Patom in Siam, which had about 3,951 patients at 
the time of liberation, it was noticed that about 1 per cent. of the 
patients were suffering from bacillary dysentery and 10 per cent. from 
amoebic dysentery. 


INCIDENCE IN THE MIDDLE EAST 


The relative proportion of bacillary dysentery to amoebic dysentery 
among the armed forces in the Middle East was about 88:12 per cent. 
(Manson-Bahr 1943). In 1940 and 1941, bacillary dysentery was mild 
clinically and the fatality rate was extremely low (0-1 per cent, or less) ; 
there were no large scale Shiga epidemics. The Flexner-Boyd group of 
dysentery bacilli (mannite-fermenting) were found more frequently 
than other groups of non-mannite fermenting organisms which included 
Shiga and Schmitz bacilli. 


According to Fairley and Boyd (1943), one outstanding feature 
of bacillary dysentery in the Middle East was its mild character; even in 
Shiga infections the mortality was lower than expected and there was an 
absence of any large scale epidemics. Unlike some countries in South- 
East Asia, where the infection was mainly water-borne, the infection in 
the Middle East was mainly fly-borne, although uncooked food such as 
lettuce was at times suspected as human excreta was often used as manure 
by vegetable growers. The organisms isolated were grouped into 
mannitol and non-mannitol fermenting groups, the former embracing 
Shiga and Schmitz and the latter Sonne bacillus and Flexner-Boyd 
group. Analysis of 8,665 cases of dysentery in which the causal organisms 
were isolated gave the following results:— 


Taste IX 
Analysis of dysentery organisms isolated in 8,669 cases in the Middle East. 











Organism ` | Percentage 
E. histolytica 7 hs 12°3 
Bact. dysenteriae Shiga .. 15-8 
Bact. dysenteriae Schmitz . P 52 
Bact. dysenteriae Sonne .. ws 6°3 
Bact. dysenteriae Flexner-Boyd 52°3 
Other non-mannitol fermenters 3°6 
Other mannitol fermenters 45 


A cee 
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Wirts and Tallant (1944) examined stools macroscopically and 
microscopically from 1,298 soldiers belonging or attached to the American 
forces in the Middle East between January and August 1943. Organisms 
were cultured on desoxycholate-citrate agar or on eosin methylene-blue 
agar. Among 300 normal controls, intestinal parasites (protozoa and 
worm-ova) were isolated from 1 per cent. of 200 American soldiers (all 
food-handlers), from 4 per cent. of Sudanese soldiers and from 98 per 
cent. of local workmen, while bacterial pathogens (Morgan’s bacillus 
being included in this category) were recovered from 1°5 per cent. of 
the American soldiers and from 4 per cent. of the Sudanese soldiers 
and local workmen. No pathogens were isolated from the six lots of 
flies examined. Among the patients with intestinal symptoms, 116 
(12 per cent.) harboured intestinal parasites; E. histolytica was recovered 
from nine patients of whom eight had clinical dysentery; hookworm 
infection was found in five cases. Bacterial pathogens were isolated 
from 238 patients (23 per cent.); the predominant organism was Bact. 
flexneri (including Boyd 88 or the Newcastle variant) which was isolated 
from 60 per cent. of the positive cases ; salmonella organisms (including 
the paratyphoid bacilli) were recovered from 17°5 per cent.; Bact. shigae 
from 3 per cent.; and Morgan’s bacillus from 9 per cent. The 
dysentery infections were of moderate severity and 60 per cent. of the 
cases had blood and mucus in the stools; they responded well to sulpha- 
guanidine, but salmonella infections did not. Among 300 patients with 
negative stools, diagnosis was mostly of diseases other than intestinal 
infections. The authors deprecated the diagnosis of * Gippy tummy ’ 
often made in the Middle East, because it gave people the impression that 
such a condition was some mysterious intestinal infection of non-specific 
origin to which all new-comers to the Middle East fell victim. They 
quoted evidence that the condition which was characterised by fever, 
malaise, abdominal cramps and diarrhoea for two to three days was 
often due to organisms of the dysentery group. 


Horster (1943), discussing amoebic dysentery, as it occurred 
amongst the German troopsin North Africa, held the view that E. histolytica 
was, in the first instance, a harmless inhabitant of the intestine, and that 
actual amoebic dysentery supervenes only when the wall of the intestine 
has been injured so as to admit of an invasion by amoeba. According 
to him the commonest of such injury was bacillary dysentery against 
which the newly arrived and unseasoned troops had no immunity. He 
pointed out that bacillary dysentery and other bacterial disorders of the 
intestines were common amongst the indigenous population or in troops 
who had been stationed for a considerable time in the country. In 
consequence, amoebic dysentery was the common type of dysentery among 
the local inhabitants and seasoned troops, while bacillary dysentery was 
commonest among the new arrivals. It was noted that, in 1941, of the 
patients admitted to hospital for intestinal disorders, 25 per cent. were 
found to have Æ. histolytica infection, though in only some of these the 
amoeba was the cause of the trouble. The argument thus was that the 
easiest method of preventing amoebic dysentery was to take every pre- 
caution against bacterial infections by the strictest cleanliness in the 
preparation of food, the maintenance of health by proper diet and the 


DIARRHOEA AND DYSENTERY 501 


adoption of all the recognised sanitary measures. Furthermore, the 
author advocated the general employment of a yatren-rivanol medica- 
tion as a prophylactic against amoebic infection. The object was to 
eradicate the lumen infection before an invasion of the intestinal wali 
by amoeba could take place. 


During the course of his 22 months experience at a mili hospi 
with 1,200 beds and 17,000 admissions in eer? Bulmer (1944) eee 
the impression that probably every soldier in the MEF had at least one 
attack of acute diarrhoea, usually soon after his arrival, and it was estima- 
ted that only about 6 per cent. of those reporting sick with diarrhoea 
were sent to the hospital. Most persons developed some immunity in the 
course of time, as in the second summer acute diarrhoea was rare except 
among the newly arrived troops. He observed that the seasonal inci- 
dence showed two main peaks-one in early and the other in late summer— 
the drop at the height of the summer being associated with the diminu- 
tion in the number of flies. Cases of dysentery were rapidly classified 
clinically into those with and those without blood and mucus in their 
stools. The latter, whose condition was termed ‘ acute catarrhal enteritis’ 
were the mildest cases and accounted for 56 per cent. of the dysenteries; 
their average stay in the hospital was ten days. The tormer group, 
described as having ‘clinical dysentery’, included 20 per cent. of the 
mild, 22 per cent. of the moderate and 2 per cent. of the severe cases and 
their average stay in hospital was 20 days. Dysentery was treated as a 
clinical problem and no fetish was made of actempting to isolate dysentery 
bacilli; but of a large number of isolations, Flexner organisms formed 70 
per cent., Shiga 19 per cent., Sonne 6 per cent. and Schmitz 5 per cent. 
The recorded incidence of amoebic dysentery was only 1 per cent. 


The admissions on account of dysentery in the MEF during 1945 
were 12,990, giving 28°66 as the annual rate per 1,000 strength, and form- 
ing 7°34 per cent. of the total admissions. The admission rates per 1,000 
for the various categories of troops were 9°19 for the Indian troops; 
97-00 for the United Kingdom troops; 10:13 for the New Zealand Ex- 
peditionary Force: 11°14 for the UDF; 91°50 for the British African 
troops; 21°95 for other British troops; 30°84 for Women’s Services and 
15°23 for others. The incidence of dysentery among all categories of 
troops during 1945 in each command of the MEF is given in Table X. 


PREVENTIVE MEASURES 


From the very beginning of World War I, the medical authorities 
were fully conscious ofthe disabling effects of diarrhoea and dysentery, 
and devoted all their energies to the attainment of a high standard of 
sanitation for the troops, as the past experience had amply demonstrated 
that neglect of sanitation was invariably accompanied by epidemics of 
this group of diseases. There were three important factors involved in 
the control of diarrhoea and dysentery, viz., control of flies, ensuring a 
safe water supply and control of carriers and their sterilisation. The 
relative importance of these factors was, however, found to vary in different 
theatres of war. For example, in the Middle East, no difficulty was 
experienced in maintaining a safe water supply and the infection was 
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TABLE X 


Incidence (actual number and rate per 1,000) of dysentery—All categories of 
troops *—MEF-—1945, 








Commands Actual Rate per 
number 1,000 
Egypt .. - ya T 8,651 36:48 
C eea ee ie 511 23:44 
Tripolitania wai t 214 21-60- 
Palestine ga ey re . ar 
Syria i pi : 
Cyprus Ninth Anoy ¿A 38 7:72 
Sudan and Eritrea .. 2% 73 16:42 
Aden .. T By 61 13-32 
Persia and Iraq .. an 1,244 17°77 
Total MEF is sä 12,990 28:66 


A E € o 
* Includes Indian, British, New Zealand, UDF and British African troops; Dominion, 
Colonial and Allied personnel (excluding American personnel); and Women’s 
Services. 


mainly fly-borne. On the other hand, the jungle warfare of Burma 
provided circumstances favourable for water-borne infection. On the 
Indo-Burma front, the proportion of fresh troops among whom sanitary 
discipline was poor, was very high. Heavy rainfall, which is a common 
feature in these regions, was instrumental in washing down pollution to 
adjacent streams and ponds from which the men often drew their water 
supplies. In the India Command, besides making attempts for the 
improvement of general sanitation, control was exercised over cafes and 
restaurants in-bounds for the troops. The co-operation of the Railway 
Board was obiained for improving the sanitation of the railway restau- 
rants, and the railway authorities were given assistance in the spraying of 
their refreshment rooms with DDT. One main factor responsible for the 
diminution of the diarrhoea-dysentery group of diseases in the later 
period of the war was the extensive use of DDT for the control of flies 
in ali military units in India. A DDT spraying organisation was set up 
in 1945 in the India Command and got into full stride in 1946. Sixty 
DDT spraying teams with necessary equipment and transport were formed 
and each team consisted of one sanitary inspector, one assistant, two mates 
and 20 labourers. In some cases, teams were subdivided to provide 
detachments for small stations, but owing to the lack of supervisory 
personnel, this subdivision was not always successful. In-bounds cafes 
and restaurants received attention together with those at the railway 
stations and airports. 


Middle East: The problem of the prevention of diarrhoea and 
dysentery in the Middle East may first be considered. In the forward 
areas it was often difficult to dig trench latrines, and the troops were 
instructed to scoop out shallow holes in the ground and cover the excreta 
immediately with a layer of loose earth or sand to prevent access of flies 
and to permit subsequent desiccation (Fairley and Boyd, 1943), It is 
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obvious that this method must have led to fly breeding as it depends for 
its success on the care exercised by each soldier. On the L of C general 
measures were adopted to protect food from flies. It was noticed that 
desert flies disliked entering any roofed structure which was darker 
within than outside. Deep trench latrines were provided with fly-proof 
structures and with covers which closed automatically, Patients suffering 
from dysentery were nursed in special wards situated close to the labora- 
tory. A wire screened room in the rear of the ward was provided with 
a screened cupboard to hold bed-pans. Copper boilers for sterilising the 
bed-pans and an incinerator for burning the faeces with sawdust were also 
installed. Discussing the hygienic aspects of the battle of El Alamein 
in 1942, Gear (1944) considered that supremacy over the adversary in 
matters of hygiene contributed materially to the victory in the battle- 
field in October-November of that year. Hygiene arrangements for the 
battle and pursuit were carefully considered in the light of experience 
during the June retreat. Important organisational changes were devised 
to meet future contingencies. One important step was the establishment 
temporarily of a special fly-control unit, staffed by five officers and 200 
to 300 men. This was necessary to meet unusual and serious emergency 
during the season when the Egyptian health hazards were at their peak. 
This unit operated in ‘no man’s land °, as well as in other areas helping 
to clear away refuse, debris and corpses. In this way, the plague of 
flies was controlled witha marked lowering of the diarrhoea and dysentery 
rate in comparison to the Axis forces. ‘To meet the conditions created 
by highly mobile warfare, field hygiene sections were held in corps and 
army pools. With this organisation, these sections could be detailed to 
provide for local situations instead of, as previously, being allocated on 
a strictly divisional basis. For the break-through at the El Alamein 
Line, corps groups of three field hygiene sections each were formed. 
In the case of pursuit corps, which exploited success gained by an assaulting 
corps, detachments of the field hygiene sections were allotted to the 
brigades. In this way, sanitary assistance of every kind, including teams 
with stores and apparatus, was sent forward wherever the need arose. 


Disposal of refuse and excreta was best effected in the desert by 
daily burning. With their limited transport, units could not carry even 
a single field latrine of 60 tbs. in weight; the petrol box and tin found yet 
another use. Units needed a good deal of education before they became 
fully hygiene conscious, and conscientiously disposed of their empty 
food tins and ceased to regard their misfits as suitable only for sanitary 
and water duty. 


Water supplies for the early stages of the battle came through a 
remarkably constructed system of pipelines from Alexandria. In later 
stages, wells grossly polluted by the hostile force had to be put in working 
order, and water supply was carefully purified and tested before being 
transported forward in a variety of containers, From saline wells, water 
with a salinity of over 300 parts per 100,000, was supplied to troops, and 
was tolerated by them without serious results. No water-borne disease 
appeared during the whole period of attack and advance. 


South-East Asia: In the South-East Asia the two main contributory 
factors in the prevention of diarrhoea and dysentery were the vital role 


+ 
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played by hygiene and the immense value of the early use of sulpha 
drugs. The recognition of the importance of the whole-hearted applica- 
tion of the principles of hygiene for preventive purposes resulted in the 
provision of sate water supply, food and adequate sanitary and anti-fly 
measures. Unfortunately, men tended to be slack about hygiene just 
when they most needed its protection, such as when engaged in active 
operations against the opposing force. Water was not at first rated 
as of much importance in the spread of bacillary infection, probably in 
view of the earlier experiences in the Middle Fast. Such an opinion 
had soon to undergo a remarkable change. The highest incidence of 
bowel disorders in the Burma theatre occurred in the monsoon season, 
an outstanding feature of which is torrential rain. The dense jungles 
of Burma compeiled very large numbers of troops to follow a few tracks 
or roads. These routes were soon lined with areas contaminated with 
excreta. The heavy rainfall washed the pollution into adjacent streams 
and pools from which the men, with poor sanitary discipline, often drew 
untreated water. In the conditions of general discomfort prevailing 
during the monsoon, a high standard of sanitary discipline could not 
always be maintained and the danger of using water from unapproved 
sources was not often recognised. 


Treatment of water with chlorine can kill dysentery bacilli but 
cannot be depended upon for destroying amoebic cysts. The boiling 
' of water, although effective, is not always practicable. Sand filters often 
failed to remove cysts of E. histolytica at the high rates of filtration em- 
ployed in the field (6-12 gpm., per square foot), and Black and Spaulding 
(1944) gave an account of the diatomite water filtration developed for 
field troops. The British Army was the first to use diatomaceous earth 
filters on a large scale. Throughout World War 11, these filters formed 
part of the standard water purification equipment provided for general 
use in the field. In the case of large bodies of men, the methods of water 
purification (i.e., filtration, superchlorination and dechlorination) 
provided a reasonable safeguard against amoebic infection, but the 
problem of protecting forward troops or small parties of soldiers was, 
however, not easy to solve. If reliance was to be placed upon chlorine 
alone to destroy cysts of E. histolytica, the quantity of chlorine required 
would have been in the region of 500 parts per million (Lyburn and 
Ridley, 1943). 


Brady, Jones and Newton (1943) had carried out experiments to 
test the action of chlorine on cysts of E. histolytica suspended in natural 
surface water. The water was contained in army Lyster bags, each of 
which held 35 gallons. To chlorinate this quantity of water, 500 mg. 
ampoules of calcium hypochlorite were employed, each ampoule con- 
taining 70 per cent. of available chlorine. To carry out the tests, measured 
quantities of cysts were added to the water after the contents of one to 
fifteen ampoules had been mixed with it, the concentration of cysts, 
being 20 cysts per c.c. of chlorinated water. At varying intervals, 
measured quantjties of water were withdrawn and the chlorine neutra- 
lised with sodium thiosulphate. The cysts were allowed to sediment and 
the cyst-contai ning deposit was inoculated in ten tubes of culture medium, 
each tube receiving approximately 2,000 cysts. It had previously been 
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determined that a minimum of 20 viable cysts were required to give a 
culture consistently. With water to which the contents of one ampoule 
had been added, the cysts withdrawn at intervals, up to 150 minutes 
gave cultures of amoebae in nearly half the tubes inoculated. With water 
to which 15 ampoules had been added, nearly all the tubes gave cultures 
with cysts exposed for 15 minutes or less. Of 150 cultures made 
after a 15-minute exposure, nine were positive. It thus appears that cysts 
cannot be killed by chlorine in any practicable concentration unless the 
exposure is for 20 minutes or longer. 


Chang and Fair (1941) had also tested the effects of chlorine at 
different temperatures and pH values on the survival time of the cysts 
of E. histolytica. Tm addition, the effect of increase of concentration of 
the cysts in the suspension was tested. The procedure adopted was to 
, obtain cysts from culture media, wash them, suspend them in water and 
then to expose them to the chlorine. After exposure the cysts were 
washed and introduced into excystation medium to test their viability, 
In plain water the survival time seemed to be unaffected by ¿he quality 
of water, but it was affected by temperature. Thus at the freezing point 
of water the period of survival was 90 days. This was reduced to 30, 
10 and 3 days at temperatures of 50° F., 68° F. and 86° F., respectively. 
The concentration of gaseous chlorine to destroy the cysts lay well within 
the range of practicable superchlorination if the period of contact was 
extended to 30 minutes. A rise in the temperature, of 20° F., reduced 
the required chlorine concentration by half, while it was reduced by 
25 per cent. if the contact period was doubled. If, however, the density 
of cysts was doubled, a 25 per cent. increase of chlorine was required to 
destroy them. A similar increased requirement was seen when the pH 
value was increased from 7 to 9, while a 50 per cent. decrease occurred 
when the pH value was reduced from 7 to 6. In all these experiments 
the coliform organisms were destroyed before the cysts. 


Chang (1944) further studied the conditions under which hypo- 
chlorite solution and chloramines in tap water killed the cysts of E. 
histolytica as also those under which chlorine killed them in tap water 
polluted with sewage and protecse peptone. In his experiments he used 
a standard suspension of washed cysts in distilled water, and this was 
added in measured quantities to the tap water, After exposure to the 
reagents the chlorine was neutralised with sodium thiosulphate and 
the cysts were removed by centrifugation. They were then planted in 
tubes of liver infusion agar medium which had previously been inoculated 
with bacteria from successful cultures of E, histolytica. Chang (1944) 
showed that the cysticidal activity of hypochlorite solution, as well as of 
gaseous chlorine, was greatly influenced by the hydrogen ion concentra- 
tions of water. Jt was thought that the destruction of cysts depended 
upon the quantity of active or free chlorine, and this was dependent 
again on the pH value of water. The higher the pH value the lowcr 
was the quantity of free chlorine. As regards chloramines, it was found 
that the efficiency was more than doubled and the required contact 
period reduced to one-fourth when the pH value was lowered from 8-6 
to 7. In the study of the effect of organic substances on the cysticidat 
efficiency of chlorine, it was found impossible to make any generalisations, 
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as this varied with the physical and chemical nature of organic substances 
and the quantity of free ammonia present. It seemed, however, that 
soluble organic substances, such as proteose peptone, readily combined 
with active chlorine and thus decreased the efficiency of chlorine in a 
greater measure than those in the form of suspended solids. The effect 
of sewage on gaseous chlorine was complicated by the high ammonia 
content, resulting in the formation of chloramines. Ín an attempt to 
obtain more accurate and uniform data the oxidation-reduction poten- 
tials of the solutions were measured. It appeared that this gave a more 
accurate estimate of the cysticidal efficiency of chlorine compounds than 
did the concentration of residual chlorine. It also appeared to indicate 
the amount of active chlorine irrespective of the pH value and the 
amount of organic matter present in the water. The conclusion was that 
in order to be effective for the destruction of the cysts of E. histolytica, 
the chlorination of water must take into account all the factors that affect 
the dosage of the particular compound employed. 


By faz the most outstanding advance made for controlling bacillary 
dysentery was the widespread use of sulpha drugs in the early stages for 
therapeutic purposes. They rapidly reduced the number of pathogenic 
bacilli passed in the stools of infected men, and thus greatly reduced the 
chances for the spread of infection. This matter is dealt with more fully 
when dealing with the question of the carriers. The object was to give 
every man an adequate quantity of the drug after his passing a loose stool 
for the first or second time. Men were instructed to report to their 
medical officers at the earliest opportunity. It was even suggested that 
those who were cut off and had no easy access to a medical officer should 
be given personal supplies. Sulpha drugs had been used extensively in 
the Middle East, in the early stages of the war, for the treatment of bacil- 
lary dysentery. Inthe South-East Asia theatre, sulphaguanidine, owing 
to its low toxicity and freedom from renal complications, was regarded 
as the drug of choice. The initial dose was 6 g. followed by 3 g. four 
hourly till the stools were normal, and then 3 g. thrice daily for two days. 
Men were instructed to chew the tablets and not swallow them. In 
jungle warfare in New Guinea, Fairley (1945) observed that sulphagua- 
nidine was very effective in the severe epidemic among the Australian 
soldiers fighting over the Owen Stanley Ranges in 1942. The epidemic 
was controlled within ten days. He found the drug to be absolutely safe 
for field use; no toxic symptoms of any kind were noted: there was no 
anuria even in dehydrated patients and the fatality rate of treated cases 
was 1:5,000. The use of sulpha drugs to eliminate bacillary infection can 
be extended beyond the immediate treatment of actual cases. It has been 
suggested by some that the simplest way to stamp out recurring out- 
breaks of bacillary dysentery in a unit is to treat all men in the unit, 
irrespective of absence or presence of symptoms, with sulpha drugs, such as 
sulphadiazine, the initia! dose being 2 g. followed by 1 g. twice daily for 
four days. 


DETECTION AND CURE OF CARRIERS 


Carriers play an important part in the spread of diarrhoea and 
dysentery. Hence the detection and cure of carriers are important 
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measures in the control of these diseases. Manson-Bakr (1942) 
stated that 25 per cent. of the patients suffering from bacillary dysentery 
became carriers. Sulpha drugs proved their worth not only 
in curing bacillary dysentery but also in eliminating the carrier state. 
The investigations which ultimately led to the establishment of a pre- 
eminent position for these drugs are dealt with later. In the detection 
of carriers many difficulties had to be confronted. During peace-time it 
was common practice in the army to undertake routine bacteriological 
examinations of stools of all food-handlers. Examination of the stools 
was generally insisted on before the men were accepted for training or 
employment in any duties connected with the handling of food. The 
stool examinations were reported at intervals of three months and before 
re-employment in the event of sickness. l 


During World War II, the namber of food-handlers in the army 
increased out of all proportion to the extension of laboratory services. 
It was also shown that highly selective media, made from materials in 
short supply, were required to detect a large proportion of the carriers- 
A study of some of the outhreaks also showed that the usual three or six 
examinations often failed to detect some carriers, The troops served 
overseas in many areas where sanitation was primitive; in these areas 
local cooks had to be employed; and although all food-handlers of a 
unit had to be certified free of infection, there was little prospect of their 
remaining so even for three months. In short, the ideal and the practi- 
cable were separated by a gulf that war conditions and increasing 
knowledge had so widened that it could no longer be bridged. That 
was one of the two reasons why bacteriological examination of stools of 
food-handlers had to be discontinued for the period of the war. The 
other was that the sulphonamide treatment of bacillary dysentery could 
reduce both the severity and the fatality of this disease. Discontinua- 
tion of the routine bacteriological examination, however, did not mean 
that the food-handlers entered unchecked on their duties. They were 
still subjected to clinical examination. They were required to be 
physically fit, free from septic foci, fully Immunised against enteric group 
of organisms and without any history of having suffered from enteric 
infections. If they fell sick the nature of their illness was taken into 
account, and they were again examined before being returned to duty. 


Local circumstances, of course, decided what amount of help should 
be obtained from the laboratory in controlling bacillary dysentery. In 
some circumstances, very complete bacteriological examinations were 
possible, especially in relation to localised outbreaks. In most cases 
abroad, laboratory help was often limited to the microscopical examina- 
tion of exudates from acute cases in order to differentiate amoebic from 
bacillary dysentery. In general, when the army entered a new arta, 
laboratories helped in the isolation and identification of organisms from 
cases of bacillary dysentery, till such time that adequate information 
was collected about the prevailing types of infection and the ratio of 
bacillary to amoebic dysentery. During the investigation of the origin 
of an outbreak of bacillary dysentery, more was often gained by selecting 
the most likely cases for laboratory examination than by attempting to 
examine all possible contacts, as the test was an extensive one. Even 
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the symptomless carrier of bacillary dysentery, on careful investigation, 
often gave a history of some looseness of bowels during the previous 12 
months. It is well to realise that the time spent in recording a good 
history is never wasted. 

In reviewing the literature on outbreaks of diarrhoea, caused by 
Sonne dysentery bacillus, Hailwood (1944) noted that the original source 
of the infection had rarely been found, and he quoted a statement that 
symptomless chronic carriers of dysentery were rare. He described an 
outbreak of Sonne dysentery in an artillery regiment, practically a closed 
community, where the originator was apparently a chronic symptomless 
carrier working in a cook-house. The outbreak began on 20 July 1943, 
reached its peak about 1 August 1943 and altogether there were 292 cases 
of diarrhoea (32°5 per cent. of the total strength). Bacteriological 
examination of the faeces of those with a history of recent diarrhoea was 
begun on 3 August 1943, and Bact. sonnei was isolated from 81. The 
positive cases were isolated and treated satisfactorily with sulphaguanidine. 
There were four cook-houses one of which exclusively served the perma- 
nent staff of the camp among whom no cases of diarrhoea occurred. 
The personnel of the other three cook-houses were questioned about 
history of diarrhoea in the previous 12 months; 12 had diarrhoea within 
the period of the outbreak; in addition, one had had diarrhoea in August 
1942, one in February 1943 and one in May 1943, six of the 15 men 
proved to be Sonne carriers, but only in one did the history ante-date the 
onset of the outbreak. This man had diarrhoea with blood and mucus 
in August 1942, but his stools were not bacteriologically examined at that 
time. In November 1942, he was posted to the regiment and in February 
1945 while he was temporarily serving in a sergeants’ mess, there were 
80 cases of mild diarrhoea mostly among the sergeants, which were not 
bacteriologically investigated. On 7 July 1943, he was detailed for duty 
in one of the cook-houses where he was engaged in cutting bread and 
butter; while there, he visited and presumably infected the staff in the 
other two cook-houses. He did not visit the cook-house serving the 
permanent staff. Although he was a heavy carrier of Sonne bacillus, 
yet he had no diarrhoea since his attack in August 1942, and the circums- 
tantial evidence indicated that he had been a symptomless carrier for 11 
months. He was cured by a course of sulphaguanidine. 


__ An essential feature in the control of epidemics is the prompt recog- 
nition of the outbreak at onset and the detection of carriers, This means 
quick and accurate bacteriological diagnosis which in turn depends 
upon an adequate and mobile laboratory service trained not only in the 
technicalities but also in the epidemiological aspects of the problem. Ina 
preliminary report dealing with the control of epidemic and endemic 
diarrhoea, Kuhns (1943) discussed the bacteriological methods used in 
the control of intestinal infection among the troops of the United States 
Army. Material for culture was taken by the rectal swab passed 
through a short rubber catheter, and was inoculated at the bedside on 
to the plates of Shigella—Salmonella (ss) agar and eosin-methylene 
blue agar and into tubes of Selenite-F. broth (The SS agar is 
equivalent to the desoxycholate-citrate agar). The broth-cultures were 
sub-cultured on SS agar after 18 hours’ incubation. The highest 
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proportion of the positive results was obtained by a combination of all 
the three cultural methods. As many as 250 men could be examined 
in a three-hour period. Dysentery organisms of the Flexner group and 
Sonne bacillus accounted for 99 per cent. of the pathogens isolated 
from cases or carriers, A random sampling in a company of 143 dis- 
closed a dysentery carrier rate of 22:4 per cent. (28-1 per cent. among 
those giving a history of recent diarrhoea and 20-7 per cent. of others with 
no such history). A similar survey among the food-handlers gave a 
carrier rate of 12 per cent. among those with recent diarrhoea and 
10°8 per cent. among those without it. Sulphaguanidine and succinyl- 
sulphathiazole (sulphasuxidine) were equally effective in securing the 
bacteriological cure of 244 acute cases and convalescent dysentery 
carriers. 


The use of rectal swab as an alternative to the faecal specimen had 
become a common practice in Great Britain for the bacteriological 
diagnosis of dysentery among the civilians, particularly children during 
the war years. It was also being increasingly adopted in the USA. 
Ferris and Fortune (1944) reported comparative results in the isolation 
of dysentery organisms from faeces and rectal swabs among the Australian 
troops in New Guinea. These are of some interest and will be considered 
here. In a preliminary series, mucus from 200 faecal specimens was 
forwarded to the hospital laboratory in buffered glycerine-saline solutton, 
while personnel of the field laboratory took the rectal swabs, the first 
100 through a rubber speculum and the second 100 through a proctoscope. 
As the examinations in this series were not strictly comparable, a second 
group of patients was examined. Specimens of faeces were sent to the 
field laboratory from every patient with diarrhoea symptoms admitted 
to the dysentery wards. On the same or the following day, rectal swabs 
were obtained through the proctoscope, with the patients in knee-chest 
position. Jf the rectum was full of faeces the patient was sent to pass 
stools and the swabs repeated. An attempt was always made to obtain 
mucus; if there was none the swab was rubbed firmly over the rectal 
wall. Results showed that when mucus was present, 81 per cent. of the 
swabs were positive; when no mucus was seen only 15:5 per cent. were 
positive. The culture media used were SS agar, desoxycholate-citrate agar 
and MacConkey ‘ Difco ’ agar; the results with the rectal swabs were only 
slightly better on the more selective media than on MacConkey’s medium. 
On the former media, strains of Bact. Shigae grew as smal} sticky colonies 
which were not suitable for direct slide-agglutination. It may be 
pointed out here that the diagnosis of amoebic dysentery depends on 
microscopical examination of stools, and this method will miss amoebic 
infection. 

Towards the later stages of World War II, sulpha group of drugs 
was not only well established in the therapeutic field of bacillary dysentery 
but also in the cure or eradication of the carrier state. This had a most 
profound effect in the control of epidemics of bacillary dysentery. Re- 
ference will now be made to some of the investigations which were made 
in this connection. During 1941, out of 2,066 soldiers treated for acute 
diarrhoeal diseases in the Middle East, more than one quarter (554) were 
found to have bacillary dysentery. Bulmer and Priest (1942) treated 
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76 patients with sulphaguanidine and there were two deaths. The use of 
this drug was restricted to carefully selected patients who comprised 13 
per cent. of the whole. An initial dose of 6 g. was given, and thereafter 
the drug was continued in doses of 3 g. four hourly until faecal porridgy 
stools were passed and general clinical improvement had been maintained 
for two or three days; then 3 g. were administered thrice daily for three 
or more days, The total quantity of the drug given varied from 18 g. 
to as much as 350 g.; the average effective dose was not less than 50 g. 
but was usually between 100 and 200 g. The general impression was 
that sulphaguanidine was as active against dysentery bacilli as sulpha- 
pyridine was against the pneumococcus. 


Out of a series of 600 patients suffering from bacillary dysentery in 
a general hospital in the Middle East, during a period of eight months, 
Brewer (1943) treated 77 cases with sulphaguanidine which was reserved 
for severe or refractory cases. Twenty-six cases were classed as acute 
and 51 as chronic. The differentiation was based on the duration of the 
disease; all infections lasting less than two weeks were considered acute 
whereas those lasting from over two weeks to many months were regarded 
as chronic. Treatment with sulphaguanidine was started with an initial 
dose of 7 g. in the form of powder stirred up in 2 ozs. of water. Seven 
cases were considered not completely cured; five of these were severe and 
two very severe. Of the 20 chronic cases, nine were not cured. The 
average total dosage was 90 g. over six days, and the immediate response 
was satisfactory. 


Bulmer and Priest (1943) describing their experience of the treat- 
ment of cases of bacillary dysentery in the Middle East confirmed their 
previous view by a further and equal period of test during which experi- 
ments were carried out with sulphanilamide and sulphapyridine, They 
treated 323 cases with sulphaguanidine, 97 with sulphapyridine and 63 
with sulphanilamide. The conclusions reached were that sulpha- 
pyridine was almost as effective as sulphaguanidine, but was less desir- 
able on account of the nausea, vomiting and general malaise produced, 
With sulphanilamide the results were not good. 


Hoagland, Herris and Raile (1943) studied the effect of the treatment 
of bacillary dysentery carriers with sulphaguanidine and succinyl-sulpha- 
thiazole, Of the 45 carriers, all young men, of Shigella paradysenteries' 
sulphaguanidine was given to 30 and succinyl-sulphathiazole to 15. 
With either drug, a daily dose of 20 g. divided into four doses given 
between 8 a.m. and 8 p.m. was continued for six days. Bacteriological 
examination of faeces and rectal swabs was performed before treatment, 
and was resumed four days after the cessation of treatment, the culture 
media being SS (Difco) agar or desoxycholate-citrate agar. The 
minimum number of post-treatment specimens was 9, the maximum 15 
and the average 11. The follow-up period varied from 17 to 60 days. 
All post-treatment specimens were bacteriologically negative. Sulpha- 
guanidine levels in the blood varied from 1'9 to 7:'5 mg. per 100 cc. and 
there were no toxic symptoms. The levels of succinyl-sulphathiazole 


= P a r n ui organism other than Shiga bacillus is called Shigella paradysenteries by some 
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were 1:5 to 2-3 mg. per 100 cc.; 9 out of the 15 patients treated with this 
drug complained of some diarrhoea or mild abdominal pain, but the 
symptoms were not serious. 


Brewer (1944) gave details of the treatment with succinyl-sulpha- 
thiazole of 16 patients who were still excreting Sonne's bacillus 6 to 27 
days after clinical cure. In the acute stage, nine of these patients had 
received sulphaguanidine in dosage of 40 g. to 60 g. over three to five 
days but the duration of illness did not differ from that of the other 
seven who had not received the drug. Succinyl-sulphathiazole was given 
in a dosage of 4 g. followed by 2 g. four hourly (excluding the 2 a.m. 
dose), a total of 44 g. being administered in five days. Faecal specimens 
- or rectal swabs, three to eight in number, were examined over a period 
of 6 to 20 days after treatment. Only one out of the 16 patients gave a 
positive result after this treatment, and he ceased to excrete the organisms 
after a second course. A few experiments in which varying amounts of 
Bact. sonnei were inoculated on agar plates containing different concen- 
trations of succinyl-sulphathiazole and sulphaguanidine indicated that the 
former had a superior bacteriostatic action under these conditions and 
that its effects were most evident during the first 24 hours of the contact 
between the drug and the bacilli, becoming negligible after 72 hours. 
The doses given were found to maintain a concentration of over 2 per 
cent. in the gut, a concentration considerably higher than that shown 
to have a bacteriostatic action in vitro. From the estimates of succinyl- 
sulphathiazole in the urine and blood it was concluded that less than 
2 per cent. of the drug was absorbed. 


Finerman and Weiss (1944) described the method of control of 
bacillary dysentery adopted by them in a tropical outpost based on 
their experience of a thousand cases. The predominant organism isolated 
was Bact. flexneri on SS or desoxycholate-citrate agar. They classified 
their cases as mild, moderate or severe dysentery or as enteritis, according 
to whether a specific dysentery organism was or was not isolated on 
admission. In the first series of cases, the dosage of sulphaguanidine was 
6-7 g. daily continued for average periods of seven days in mild cases and 
moderate dysentery infections, 12 days in severe infections, six to nine 
days in acute enteritis and 7:5 to 8'5 days in contact and convalescent 
carriers. The drug was discontinued when one negative stool culture 
had been obtained, and the patient was discharged after three further 
consecutive negative examinations. In this series, there were 34 
carriers and two clinical relapses among 280 treated cases of dysentery, 
13 carriers and four relapses among 200 treated cases of acute enteritis, 
25 carriers and four relapses among 120 cases of enteritis treated symp- 
tomatically, and eight persistent carriers among 945 treated contact and 
convalescent carriers, There were no drug reactions. In the second 
group, 3°5 g. of sulphaguanidine were given to all acute cases on admis- 
sion, followed by 12 g. daily until stools were fewer than five per day, and 
then by 9 g. daily. The drug was continued for a period of 15 to 17 days 
in dysentery cases, for 14 to 19 days in enteritis cases and for 8°7 days— 
in doses of 9 g. daily—in the case of contact carriers. Treatment was 
discontinued after three consecutive negative stool cultures, and the 
patient was discharged after three more negative successive examinations, 
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The higher dosage and longer period of treatment resulted in no carriers 
or relapses among 69 cases of dysentery, no carrier aud one relapse 
among 80 cases of enteritis and two persistent carriers among 91 contact 
carriers. There were two instances of drug reaction in this group; 
one a drug rash with fever after eight days’ therapy and the other, drug 
fever after six days’ therapy. It was presumed that in addition to good 
sanitation, the other factors responsible for the prevention of bacillary 
dysentery were early detection of carriers which was made possible by the 
frequent stool examination of food-handlers, follow-up stool studies of 
cases discharged from hospitals and the examination of all the troops 
arriving at and leaving the command. In the control of the carrier 
state these methods reduced the rate from 11 per cent. to less than 0:3 


per cent. 


Fairbrother (1944) conducted a series of investigations which showed 
that the use of selective media, e.g., desoxycholate-citrate agar for the 
isolation of bacillary dysentery often resulted in the discovery of these 
organisms in cases having mild atypical attacks of diarrhoea. He further 
produced evidence that patients after an attack were likely to be con- 
valescent carriers for a variable period and that symptomless contact 
carriers were common. Intermittency in the excretion of pathogens 
was also noticed. While Flexner infections were found to respond well, 
both clinically and bacteriologically, to sulphonamide therapy, bacterio- 
logical cure of Sonne infections was not so easy to obtain. He examined 
the stools of 2,500 Italian POW who on arrival in Britain gave a history 
of recent dysentery or enteric fever. Bacilli of dysentery were isolated 
from 245 (10 per cent. of the men); the types were Bact. flexnert 170; 
Bact. shigae 57; Bact. schmitz 11; and Bact. sonnet 7. Few of the men 
showed any clinical symptoms; cultures on MacConkey’s medium were 
invariably negative. All the carriers were given a course of sulphaguani- 
dine consisting of 6 g. three times a day for the first day, and 3 g. three 
times a day for another five days. ‘The total quantity thus given was 
63 g. Bacteriological examination of the stools was begun five days after 
the cessation of treatment, and three negative results were regarded as 
evidence of cure. On this basis there were 16 failures which included 
12 Flexner infections, two Shiga and two Sonne: a great majority of 
these were, however, cured by a second course of sulphaguanidine. In 
the later stages of investigation, more frequent examination revealed an 
apparent intermittency of excretion in some cases, e.g., Bact. flexneri was 
isolated from a case after eight successive negatives; Bact. shigae after six 
negatives; and Bact. sonnei after three negatives. It is not known whether 
these persons had opportunities for fresh infection. Of a series of 92 
cases of Sonne dysentery, 76 were treated by rest in bed, saline purge, 
light diet and no sulphonamides. With 12 successive daily negative 
faecal specimens as the criterion of cure, 52 per cent. of the cases became 
bacteriologically negative by the end of the second week. Where infec- 
tion persisted, the excretion of Bact. sonnei was often intermittent. The 
number of patients treated with sulphaguanidine, either by the routine 
course described above or one extending from eight to nine days, was 22. 
Eight patients were in the acute stage, their clinical response was good 
and five were bacteriologically cured. Of the 13 convalescent carriers 
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similarly treated satisfactory clearance tests were obtained in 11 cases, 
A persistent carrier was given a total of 200 g. of sulphaguanidine, without 
success. Succinyl-sulphathiazole was given to 14 convalescent carriers, 
one relapsed case and two persistent carriers in doses of 6 g. three times 
a day on the firstday and 3 g. three times a day for seven to eight days. 
The total dose administered was 81 to 90 g. Satisfactory clearance tests 
were obtained in 13 out of the 14 convalescent carriers but not from the 
others; two persistent carriers were found to excrete Bact. sonnei for nine 
months in spite of the repeated courses of both the drugs. The sugges- 
tion conveyed in these investigations that 12 successive negative faecal 
specimens should be obtained before discharge from the hospital may 
create many difficulties from an administrative standpoint and appears 
to be unjustified since only a small proportion of dysentery cases are 
treated in the hospital. There is, however, need for establishing a 
bacteriological cure before returning a patient to a residential institution, 
At the same time it appears a wise policy not to accept too readily 
intermittency of excretion until stringent precautions are taken to avoid 
the risk of reinfection of the patient in an open hospital ward. 


Discussing the incidence of diarrhoeal diseases in New Guinea 
and the effects of treatment with sulphaguanidine in large doses, Fortune 
and Ferris (1945) stated that among 2,849 patients admitted for diarrhoea 
in an Australian general hospital during a period of 18 months, 36-0 
per cent. were proved to have bacillary dysentery, 1-4 per cent. amoebic 
dysentery, while the remainder were presumed on clinical and epidemio- 
logical grounds to have bacillary dysentery. Of the 1,026 strains of 
dysentery bacilli isolated, 13-4 per cent. were Bact. shigae, 78-0 per cent. 
Bact. flexneri, 8'0 per cent. Bact. ambiguum (Schmitz), 2:4 per cent. Boyd 
type IV and 0-2 per cent. Bact. sonnei. A detailed analysis was made 
of the bacteriology, symptomatology and treatment of 503 consecutive 
cases of diarrhoea, In this group, 54 per cent. of the 474 cases diagnosed 
as bacillary dysentery were confirmed bacteriologically by culture of both 
faecal specimens and rectal swabs. The majority of the infections were 
classified as mild or moderate; 18 per cent. of the Shiga infections and 
6 per cent. of the Flexner cases were severe. The average stay in the 
hospital for Shiga infections was 23°5 days and for Flexner infections 17°5 
days. Sulphaguanidine in large doses (initial dose 7 g. followed by 3-5 g. 
five times a day for four daysand 3-5 g. three times a day for three days), 
was given to all patients immediately after admission to hospital, and 
the results were uniformly good; Shiga infections responded better than 
Flexner infections. Only 30 cases (other than amoebic infections) had 
persistent or recurrent diarrhoea after a full course of treatment, and as 
these cases were bacteriologically negative and free of mucosal inflamma- 
tion or ulceration, they were classified as “irritable bowel”. Patients 
were discharged when sigmoidoscopic examination was normal and one 
rectal swab was bacteriologically negative. On this basis, seven out of 
179 (4:0 per cent.) with bacteriologically proved Flexner infections 
were carriers on the fourteenth day after the commencement of treat- 
ment; nine other Flexner carriers at this stage were found still to have 
pathological changes in the bowel. Surveys for carriers were also made 
in three groups: (i) 120 healthy local inhabitants in a catering establish- 
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ment where there had been no cases of diarrhoea for three months; only 
one Flenxer carrier was found here; (ii) 50 men in a unit where Flexner 
infection was prevalent; there were five Flexner excreters of whom three 
were convalescent carriers; (iii) 133 men in a unit affected with epidemic 
diarrhoea; seven carriers were found; two of Bact. shigae and five of 
Bact. flexneri; four of these were convalescent carriers. Symptomless contact 
carriers responded well to sulphaguanidine, convalescent carriers less well; 
in six of eight resistant cases in the latter category a course of sulpha- 
diazine was effective. 


ROLE OF FLIES 


The role of flies in spreading the infection may now be considered. 
Kuhns and Anderson (1944) described an outbreak of dysentery which 
occurred in a training camp during September 1942. It reached its 
peak about the end of the month and ended rather abrupily early in 
October 1942, following anti-fly measures and the advent of cold weather. 
A plague of flies soon after the camp was opened was associated with the 
use of open latrines, and the widespread nature of the outbreak suggested 
a fly-borne spread of infection. During the decline of the epidemic, 
292 lots of flies (about 15 flies in each lot) were examined bacteriologically. 
The epidemic strain, Bact. flexneri (Newcastle varient of Boyd 88) was 
recovered from nine lots (3 per cent). Although flies probably played 
a part in the dissemination of the infection yet the high incidence of con- 
valescent and contact carriers among food-handlers, viz., 12°0 and 10:8 
per cent., and among the men generally, viz., 28:1 and 20°7 per cent. in 
one company, suggests that the case to case infection was also important. 
Both sulphaguanidine and succinyl-sulphathiazole were effective in 
curing carriers, 


Stewart (1944) writing about the viability and transmission of 
dysentery bacilli by flies in North Africa, stated that the human carriers 
of dysentery bacilli (Flenxer, Sonne and Schmitz) were common among 
the indigenous population in Algeria. Of 149 Arabs examined for 
employment in kitchens, 23 gave positive stool culture; they were 
apparently well and their stools were normal in appearance. Hygienic 
standards were low among them and they were in the habit of urinating 
and defaecating in open spaces and open latrines. Myriads of flies 
bred and fed on such excreta during the hot season. Experiments were 
planned to find out what part the fly played in the spread of dysentery. 
Positive specimens of faeces spread on uncovered petri dishes were placed 
along with trapped flies in * a compo ’ ration box covered with mosquito- 
proof netting; the contents were exposed to the air but not to direct 
sunlight, The faecal specimens dried up in one to two days. Drinking 
water was supplied otherwise the flies died in two to three days. As 
Flexner bacilli were found to survive in plain water for 38 days, the 
water supply was changed regularly so as to prevent it becoming a source 
of infection. Plates of MacConkey’s medium were placed in the box, 
removed at regular intervals after being naturally inoculated by flies, 
and, after incubation were examined for colonies of dysentery organisms. 
Under these circumstances, flies could apparently carry dysentery bacilli 
(Flexner and Schmitz) for periods up to li to 12 days. As dysentery 
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organisms could not usually be recovered after one to two days from faeces 
allowed to dry naturally, it was apparently presumed that flies would not 
be contaminated from the specimen beyond this time. However, 
Stewart (1944) was of the opinion that dysentery bacilli might remain 
viable in faeces for five, eight, ten and twelve days (four different 
specimens). Although flies were shown to be carriers, the incidence of 
dysentery in this particular area dropped sharply in August and 
September, when flies were still prevalent. 


BACTERIOPHAGE 


Lastly, mention may be made of the influence of bacteriophage in 
preventing bacillary dysentery. Kliewe and Helmreich (1941) pointed 
out that bacteriophages differ in value and regional differences play a 
part. In different epidemic and endemic foci there exist differences not 
only in the strains of dysentery bacilli but probably in the bacteriophages 
also. It is, therefore, very important to use a bacteriophage prepared 
from a potent polyvalent mixture of locally secured dysentery bacterio- 
phages and they tested the efficacy of bacteriophages obtained from 
Germany against dysentery bacilli secured in the course of epidemics in 
Poland, and found that lysis failed to take place in many of the dysentery 
bacilli, When, however, locally obtained bacteriophages were combined 
with the same strains of dysentery bacilli, lysis was produced in all the 
strains. They tested the prophylactic value of bacteriophage mixtures, 
prepared by themselves on 113 soldiers exposed to dysentery. These 
men on a fasting stage were given on three successive mornings a dose of 
sodium bicarbonate and then 10 c.c. of bacteriophage mixture in half 
a cup of tea or coffee. Two hundred and fifty men belonging to the same 
unit were left untreated to serve as conirols, In the course of the 
following eight weeks dysentery developed in ten out of 250 controls 
but there was not a single case among the 113 soldiers receiving the 
prophylactic treatment. 
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CHAPTER XXI 
Diphtheria 


Diphtheria was not an important cause of sick wastage in the Army- 
in-India. Its incidence amongst the Indian troops was trivial owing 
probably to immunity, but it was higher among the British troops. A 
steady number of cases, however, occurred throughout the war. In 
Burma, the jungle sore proved to be a counter-part of the desert sore in 
its relationship to diphtheria and a number of cases of polyneuritis were 
evacuated to India from the Burma front. One-third or more of such 
cases were secondary to diphtheric cutaneous infection. 


INCIDENCE 


India Command: The incidence of diphtheria among the troops in 
India is given in Table I. 
TABLE | 


Incidence (rate per 1,000) of diphtheria VCOs €> JORs and BORs—India 
Command—1939 to 1946. 





VCOs & 

Year IORs | BORs 
1939 .. eN 0:02 1:78 
1940 .. Sg 0:02 2:46 
1941 .. ga 0:02 3°56 
1942 .. as 0°04 3:92 
1943 .. ms 0°01 1-34 
1944 .. bi 0:03 1:12 
1945 .. 23 0:05 1:39 
1946 .. = 0:07 0°74 


During the year 1939, three foci of infection were detected among 
the British troops in the Northern Command. The first was a camp 
at Malot in Lahore District, which in the earlier stage reported four cases, 
the first case being of the cutaneous variety. Seven more cases were 
reported in this area. The second was Sialkot where cutaneous cases 
were reported, two virulent and other non-virulent; seven nursing 
orderlies were found to temporarily harbour Corynebactertum diphtheriae 
in their throats. The third focus of infection was at Sabathu in the Simla 
hills where 15 cases were recorded among the children of British soldiers. 
During the same year, there was a small epidemic amongst the men of 
the field regiment, Royal Artillery, at Meerut in the Eastern Command. 
During the summer and autumn, cases were reported also in Dulikhet 
and Lucknow. Sporadic cases were reported at Bareilly and Chakrata, 
In the Southern Command, eight cases were notified from Wellington and 
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ten from Madras. This was the second time during the six years that 
cases were reported from this area, 

From 1941 to 1942, there was an increase of diphtheria cases among 
the British troops mainly in the Northern and Southern Commands, but 
in subsequent years, the disease, showed a tendency to decrease. During 
1946, an outbreak of diphtheria occurred in an officers’ mess at Delhi. 
The first case, a naval officer, was admitted to hospital on 17 April 1946; 
the disease was moderately severe and throat swabs were positive. No 
farther cases were reported until 30 April 1946, when one case was 
admitted in the evening. On the following day, 13 further cases were 
reported, and on 2 May 1946 nine more cases occurred. All these cases 
were examined by the staff surgeon, the medical specialist and the DADH 
and there was general agreement that the majority of them were clinical 
diphtheria and that only a few were cases of tonsillitis. No positive 
cultures could be obtained although a number of them showed diphtheria 
on direct smears. The failure to obtain positive culture was attributed 
to the fact that all cases on admission were given perchloride gargles 
prior to throat swabs being taken. This outbreak was of an explosive 
character producing 23 cases within the space of 48 hours at a time when 
no other cases were reported in the military population of the distirct. 
The cases were not directly connected in any way except that they all ate 
from the same kitchen. Their living quarters were scattered through- 
out a large mess, they ate at separate tables and worked in different 
offices. The nature of the outbreak suggested food as the vehicle of 
infection. After careful questioning, it transpired that all the cases of 
true clinical diphtheria had shared the same evening meal on 28 April 
1946, and had eaten a dish of banana cream. A series of three throat 
swabs taken from all mess servants concerned with cooking and serving 
food and washing utensils gave no definite information. On the evening 
of 2 May 1946, all the officers were given 1,000 units of diphtheria anti- 
toxin and about 80 per cent. were given the first injection for active 
immunisation. No further cases occurred in the mess until October 
1946, when one case was noticed on 3 October and another on 10 
October. All the servants were examined and repeated throat swabs 
were taken but no carrier was detected. 


Indo-Burma Front: The incidence of diphtheria on the Indo-Burma 
front, Burma and SEAC (excluding Ceylon) is given in Table II. 


TABLE IT 


Incidence (rate per 1,000) of diphtheria—All forces—Indo-Burma Front, Burma 
and SEAC (excluding Ceylon)—1942 to 1945. 


Year Rate per 1,000 
1942 zn pi 0:19 
1943 Sa ‘i 0:29 
1944 i 0:16 


1945 (Jan. to Sept.) .. 0-13 


DIPHTHERIA 


In July 1944, cases of diphtheric polyneuritis were received in the 
hospitals in the India Command from the 3rd Indian Division (Special 
Force), operating in Burma. An examination of 78 cases of polyneuritis 
in the hospitals of the Southern Army in India showed that a majority 
of such cases had jungle sores. In some cases, the signs of polyneuritis 
had not developed for three months after the healing of the skin lesions. 
It was estimated that more than 200 cases of diphtheric polyneuritis were- 
evacuated to India from Burma during the later haif of 1944, An 
analysis of 101 diphtheric polyneuritis cases admitted to the neuro- 
logical centre (British troops) showed that one-third or more of these 
cases were secondary to cutaneous diphtheric infection. This was in 
accordance with the experience of the MEF, There was a tendency on 
the part of certain officers commanding the medical divisions to over- 
stress the seriousness of the condition by keeping the patients in bed for 
prolonged periods, and in some instances cases had been downgraded to 
Category E. The experience of the adviser in neurology of the Southern 
Army was that, once the signs of neuritis ceased to progress, there was 
rapid improvement in the condition with the aid of exercises, at first 
carried out in bed, and later in a class under the supervision of a masseuse 
and a physical training instructor. 


Middle East: As in World War I, skin affections such as desert sores . 
were a major problem in the Middle Fast. In Northern Palestine, a 
number of faucial diphtheria infections occurred between June and 
August 1940, and many chronic sores followed. Some of these were 
proved to be cutaneous diphtheria. In an outbreak from September 
to December 1940, 26 cases of nasal diphtheria and 79 of faucial diphtheria. 
were observed by Cameron and Muir (1942) who discovered 78 carriers. 
Cutaneous diphtheria occurred in 66 soldiers, 15 of these had suffered 
from nasal and faucial diphtheria and ten were carriers but the remainder 
had only cutaneous lesions. Paralysis developed in 12 out of the 66 
soldiers with cutaneous diphtheria; four of these had nasal or faucial 
diphtheria or both; in five no lesion, except that of the skin, was found. 
The paralysis, in some cases severe and widespread, appeared mostly after 
the sores had healed. In the light of high incidence of paralysis, the 
immediate administration of 20,000 units of anti-toxin was recommended 
as soon as a suspected case of cutaneous diphtheria came under observa- 
tion. The acute form of cutaneous diphtheria was always associated with 
throat or nose infection, and generally took the form of ‘ blister sores’ 
on the forearm or hand, a shallow ulcer forming later often with a 
blackish membrane. These sores were found to heal rapidly under 
anti-toxin and other appropriate treatment for nose or throat infection. 
The more troublesome chronic cutaneous infection was always found 
superimposed on, or complicated with, other skin lesions such as scratches, 
insect bites, scabies, epidermophyton infections, amputation stumps, 
gunshot contusions and compound fractures. Skin lesions were generally 


multiple and one patient had 84 indolent or healed sores of this nature on 
the arms alorie. 


In November 1940, there was an outbreak of diphtheria among 
the British troops in Mena Camp in Egypt. There were 17 cases in all, 
and they occurred both in the British and Indian units with British 
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personnel. The officers and NCOs escaped altogether. A carrier was 
detected on carrying out routine examination of the throat swab of 
contacts. Sporadic cases, however, continued to occur during the 
period the troops remained in the forward area. 

The incidence rate for diphtheria in the Middle East during 1945 
was 0°47 per 1,000 as shown in Table HI. 


Taste IIL 


Incidence (actual number and rate per 1,000) of diphtheria—All categories of 
troops-~-MEF—1945. 

















Actual Rate per 

Comarás number 1,000 
Egypt ‘i ui 93 0-39 
Prrengica T 6 0-28 
Tripolitania l 0:10 
Palestine T 85 1-19 
Ninth Army (Syria) is 11 0:38 
Ninth Army (Cyprus) .. 2 0:41 
Sudan and Eritrea aw 1 0:22 
Aden es 1 0:22 
Persia and Iraq 13 0-19 

Total | 


213 | 0-47 





PREVENTIVE METHOD 


Diphtheric patients were isolated, generally in a ward reserved 
for such cases, and attendants were selected from those proved to be immune 
to diphtheria by the Schick test. Active immunisation of the prospective 
attendants was also undertaken. All close contacts were isolated in a 
suitable barrack room and swabs from their pharynx and posterior nares 
taken for bacteriological examination. All those found free from G. 
diphtheriae were discharged to duty and kept under daily observation for 
seven days. Those harbouring diphtheria were isolated, preferably in a 
hospital, and detained there until the results of virulence tests were known. 
Contacts harbouring virulent organisms were kept in the hospital until 
freed from them, but those with non-virulent organisms were returned 
to duty and kept under observation for a week. If cases continued to 
occur in a unit, a search was made for carriers and missed cases. ‘This 
was often a tedious task which was not undertaken in a light-hearted 
fashion as the investigation often involved the swabbing of several hundred 
throats and performing virulence tests for a large number of organisms 
which might thus be isolated. Stress was laid on adequate ventilation 
and spacing of beds in barrack rooms, huts and tents. 


it was only very rarely that sufficient number of cases occurred 
to warrant consideration of active immunisation among. the British troops. 
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So far as the Indian troops were concerned it was never found necessary. 
All close contacts were inoculated at once if considered necessary. For 
adults, toxoid-anti toxin floccule was chosen owing to the mildness of 
reaction and this was injected subcutaneously in three doses of 1 cc. 
each at intervals of two weeks, As the reagents for performing the 
Schick test do not retain potency for more than two months under 
tropical conditions, its employment as a routine measure in India was 
not possible. Anti-diphtheric serum was at times used to confer passive 
immunity on contacts suspected to have heen exposed to massive doses 
of infection but the duration of such immunity was short-lived and did 
not extend beyond three weeks. 
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CHAPTER XXII 
Effects of Heat 


Effects of heat are widespread in the subtropics in the hot season. 
The great centres of heat-stroke are the shores of the Persian Gulf and 
the vast central and north-western plains of India. During the war 
years the majority of cases of effects of heat among service personnel in 
India occurred in the Punjab and the North-West Frontier Province, 
although no part was immune from the effects of heat. Most of the cases 
occurred during the week or two prior to the onset of the south-west 
monsoon and in the breaks during the monsoon, when the atmospheric 
temperature and humidity were both high. In the south and cast of 
India, early June was the critical time; in the centre of India it was mid- 
June; while in the north and north-west the dangerous period was 
towards the end of June or even later. 


The term ‘ effects of heat? has in the past been used to describe a 
variety of ill-defined conditions arising from the exposure of human body 
to a hot atmospheric environment. Heat cramps, heat exhaustion, 
heat-struke, sunstroke, sunburn and heat syncope have at one time or 
the other been used to describe the effects of heat. The key to the 
understanding of the problems involved lies in discarding the various 
terms used and thinking in terms of the principal changes which occur 
in the body when seriously affected by very hot climatic conditions, They 
are of a two-fold nature. As a result of profuse sweating, there may be 
loss of water and sodium chloride from the system, or over-heating 
may take place resulting in the raising of the body temperature to 105°F. 
and above. Loss of water and sodium chloride is by far a much 
commoner event. Atmospheric conditions unfavourable to life were 
encountered under active service conditions in Iraq, Iran and India. 
During World War II, a certain amount of knowledge was gained about 
the effects of heat and their prevention. Although there was consider- 
able fighting in North Africa, Abyssinia, Iraq and Syria yet heat-stroke 
was not such a serious problem during World War II as in World War I, 
when many deaths had occurred from it in Iraq during the summer 
months when the shade temperatures often reached 120° F, or above. 


The incidence of the effects of heat in the Army-in-India during 
peace-time, among the British troops, was low and considerably lower 
among the Indian troops. During the war years the incidence for both the 
classes increased, but the rates of hospital admission for the British troops 
were much higher. The knowledge regarding the prevention of the effects 
of heat was obtained at a considerable cost, as nearly 2,000 patients, 
suffering from the effects of heat, were admitted to the hospitals in India 
alone in 1942, Of these nearly 75 per cent. were British troops. There 
were also 136 deaths. In Iraq and Iran, during the same year, the 
incidence among the British troops was 88:7 per 1,000 and 3-2 per 1,000 
among the Indian troos. The mortality among the Indian troops in 
Persia and Iraq Force was six times as high as in the British. 
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PHYSIOLOGICAL CHANGES IN HEALTHY PERSONS WHEN EXPOSED TO HEAT 


For the full appreciation of the value of the methods employed in 
the prevention of the effects of heat, knowledge of the physiological 
changes which occur in the human system under the influence of a hot 
environment is essential. The most important hmiting factor in a hot 
climate is the ability to dissipate the heat produced by work. Physio- 
logical adaptation to hot climate or the mechanism of acclimatisation 
mostly consists in an improvement in regulation of body temperature. 
The body changes producing this improvement are not yet fully under- 
stood. However, during World War II many experimental investiga- 
tions were undertaken to study the changes which occur in the human 
system under the influence of heat, and these will now be considered. 


At the request of the Director General Army Medical Services, 
War Office, a team was organised and equipped by the Medical 
Research Council of the United Kingdom to study the physiological and 
biochemical changes which took place in man in hot climate. Ladell, 
Waterlow and Hudson (1944) made observations each week trom May 
to October in 1943 at Shuaiba in Southern Iraq, in a group of 24 fit 
soldiers drawn from different units stationed in the area. They also 
investigated the cases which were admitted to a BGH during that period, 
on account of the effects of heat. The daily shade temperatures 
recorded at Shuaiba were above 100° F. and there were two periods, one 
of a week and the other of a fortnight, when temperatures above 115°F. 
were noted. The humidity was low throughout; the dew-pomt was 
usually between 50° and 60° F. and the relative humidity at midday 
about 15 per cent. All the fit men who were under observation lost 
weight in the hot weather, and the loss was greatest among those showing 
the highest chloride concentration in their sweat. As the heat increased, 
there was diminution in the urine output. In order to maintain water 
balance, a daily intake of 5} litres was required at an average maximum 
temperature of 105° F., but when this rose to 115° F., the demands for 
water increased to 7} litres. Analysis of sweat taken from each man 
during light exertion showed marked variation of the salt content 
between individuals, the figures ranging from 0:21 per cent. to 0:32 per 
cent. As the summer progressed, a degree of exhaustion of the sweat- 
glands appeared and this resulted in an increased salt concentration in 
the sweat of each individual, 1.e., the sweat while normally hypotonic 
now tended to be isotonic. Calculations made regarding the loss of 
salt by sweating showed that with a sweat salt concentration of 0:21 per 
cent. nearly 14-7 g. of salt was lost daily while at 0:32 per cent. the loss 
of salt was as high as 22-4 g. This high output had to be balanced by 
the absorption of an increased ration of salt amounting to 21 g. daily 
to which may be added 10 g. derived from tinned foods. 


Eichna, Bean, Ashe and Nelson (1945) also studied physiological 
reactions in 64 young and healthy men who lived continuously in a hot 
room for the periods of 8 to 32 days. During the day they were exposed 
to an atmosphere having a dry bulb temperature of 90? F. and a relative 
humidity of about 95 per cent. Atnight the temperature was lowered 


to 85” F. and the relative humidity to 75-80 per cent. When men were 
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given increasing work progressively, acclimatisation to heat was apparent 


ón the second day of exposure and completed in seven to ten days. 
Acclimatisation was shown by the men being able to work with a lower 
heat rate, lower skin and rectal temperature, a more stable blood-pressure 
and less discomfort than on the first day of exposure to the heat. Men 
resting in the heat for six to ten days achieved only a small degree of 
acclimatisation, as measured by their ability to perform work in the heat. 
Physically fit men were found to acclimatise more rapidly than unfit 
men, and when acclimatised were capable of more efficient work, 
Initial intolerance to heat did not preclude rapid and complete 
acclimatisation provided adequate rest, salt and water were provi- 
ded. A considerable degree of cross-acclimatisation between desert 
and humid climates was demonstrated. Adequate water intake 
was found to be the most important factor influencing the perform- 
ance of acclimatised men in the heat, with physical fitness next in 
importance. Restriction of the water intake of accli matised working 
men led to a considerable deterioration in performance without 
reducing the rate of sweating. Clothing was found to increase the 
strain imposed by the hot humid environment, though the deleter- 
ious effect was somewhat less if the clothing was wet. Other factors 
adversely affecting the performance in hot humid environments 
were inadequate sleep, the taking of alcohol and long periods of work. 
Sweating in humid heat was profuse, caused waste of water and salt and 
was independent of fluid intake. Replacement of lost salt and water 
appeared to be an obvious necessity, but it was found that thirst was an 
imperfect guide to the needs of the body, the water lost by perspiration 
being often greater than that required to satisfy the thirst. 


The results of the various investigations undertaken indicated that 
the primary and most important adjustment during the process of 
acclimatisation depended upon cardio-vascular adaptation to the new 
conditions. Diminished accumulation of heat as indicated by the rectal 
temperature was utilised as a measure of this adjustment. Taylor, 
Henschel and Keys (1943) found that, on the average, adaptation to high 
temperature was well started on the second day, and after four days in 
the heat work could be continued with a pulse rate and rectal temperature 
not differing much from that attained in the cold. Little further change 
in pulse or temperature was noticed from the fifth to the eighth day. It 
was observed that one-half of the total increase in the rate of sweating 
during work took place after all adjustments in the temperature (as 
recorded rectally) had taken place. They did not confirm the view 
often held that an increased capacity to sweat played an important 
part in adaptation to high temperatures, as the average daily sweat loss 
remained unaffected. ‘Though the rate of sweating during work tended 
to increase, the major part of the change occurred after the adjustments 
of temperature and pulse were completed. They found that a failure 
of the work pulse-rate to improve after the first day was a sign of im- 
pending heat exhaustion. In the same way a poor cardio-vascular 
adjustment to change of posture was a danger sign. They could find 
no certain variable factor among individuals which would enable them 
to predict the ability to acclimatise to heat. 
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Apart from the question of acclimatisation of troops to hot climates, 
there were certain aspects of life and work in tropical climates which 
had to be borne in mind, as their neglect led not only to inefficiency but 
often caused avoidable sickness. Between the two great wars a great 
deal of information on water and salt balance and the maintenance of 
body osmotic pressure had been collected. The fluid compartments of 
the body were demarcated, experimental studies of salt and water 
depletion were undertaken, and the great importance of maintaining the 
normal osmotic relations of the body-fluid was recognised. Water and 
salt depletion often occurs from a variety of conditions. Their implica- 
tions in the effects of heat are important to justify fuller consideration. 
The loss of water and sodium chloride from excessive sweating may cause 
dehydration which may be of two types. The first is primary dehydra- 
tion due to water depletion. This type in mild degrees, causes in- 
efficiency, but owing to the development of thirst does not progress far 
among healthy men having access to water; although among the sick 
who are too weak to ask for drinks the condition may soon lead to death. 
In the second type, called secondary dehydration, there is salt depletion. 
Thebody’s retention of extra-cellular water depends upon its salt content. 
The secondary type of dehydration is responsible for practically all the 
fatal cases grouped under the nebulous term ‘ heat exhaustion’. The 
condition is characterised by absence of thirst, and in severe cases nausea 
and vomiting are induced if attempts to take water are made. Relief 
is often obtained by the parenteral administration of isotonic saline. The 
amount required may extend up to 8 litres but should be accurately 
assessed by clinical and biochemical findings. The prevention of water 
and salt depletion in troops undergoing training or fighting in severe 
heat is thus most important. 


Water constitutes 70 per cent. of the body-weight and a great 
part of it (50 per cent. of body-weight) is intracellular fluid. Extracellu- 
lar fluid is made up of tissue fluids (i.e., the fluid of tissues between the 
body cells) and the circulating fluids, the chief of which is plasma. The 
water in the body may be said to occur in three compartments: (i) intra- 
cellular, (ii) interstitial, and (iii) vascular. Under normal conditions 
the relative volumes of these compartments which are 35 litres, 11 litres 
and 3 litres, respectively, are kept constant by osmotic pressure of 
plasma proteins and electrolytes. Cell membranes being freely 
permeable to water, the distribution of water in the compart- 
ments depends upon the relative osmotic pressures of the fluid in each 
compartment. The maintenance of the isotonicity of the tissue fluids 
is of profound importance as changes in the tissue fluid tonicity will 
result in the accumulation or withdrawal of water from the cells. 
Water intake or loss first produces changes in the tonicity of the extra- 
cellular fluid. A state of osmotic neutrality is dependent upon normal 
water and salt balance, i.e., on a state in which the intake of water and 
salt covers the bodily requirements; any excessive intake of either is 
excreted. The daily output of water in an average adult in a temperate 
climate is about 2,600 cc. made up of 1,500 cc. of urine, 1,000 cc. lost 
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by evaporation in sweat and expired air, and 100 cc. in the faeces. 
Under tropical conditions, the total loss may increase three-fold, of which 
the sweat forms a relatively large portion and urine a relatively small one. 
If water intake is cut off, water loss continues, about 1,000 cc. being lost 
by evaporation and at least 500 cc. as urine daily. This unavoidable 
water loss is necessary to effect the removal of toxic nitrogenous waste 
products. If the concentrating power of the kidneys 1s impaired, a 
greater amount of urine will be necessary to remove nitrogenous waste, 
and if a suitable amount of urine is not excreted, uraemia will develop 
more rapidly. Impaired rena! concentrating power is frequently met with 
in conditions of dehydration and a vicious circle often ensues dehydra- 
tion leading to uraemia, which induces vomiting, and vomiting leads to 
further fluid toss, which causes further dehydration and increases the 
uraemia. 

The daily salt intake, which is about 10 g., usually exceeds the 
requirements of the body, and the surplus is excreted in the arine. If 
the intake is cut off, salt is conserved by the excretion of smaller amounts 
or none at all in the urine. Dehydration may arise from pure water 
depletion or pure salt depletion or both salt and water depletion. Pure 
water depletion arisés as a result of the deprivation of water and salt, 
Here water loss continues but salt is conserved. Pure salt depletion 
arises from salt and water loss as in excessive sweating, severe diarrhoea, 
persistent vomiting etc. with replacement of water only. Mixed 
depletions arise as a result of salt and water loss and inadequate water and 
salt replacement. This is common in febrile states and in any other 
condition in which the patient is too weak to drink water. 


The osmotic differences between pure water depletion and pure 
salt depletion are of great importance. In water depletion the extracellu- 
lar fluid becomes hypertonic because of water loss without any corres- 
ponding salt loss, and tends to remain constant in volume by withdrawing 
water from the cells. The dehydration produced, therefore, is intracellu- 
lar in nature. On the other hand in salt depletion the extracellular 
fluid becomes hypotonic owing to the loss of electrolytes. The kidneys 
tend to correct this by excreting more water so that the extracellular 
fluid volume falls. The body cannot retain water in the absence of 
salt, hence the salt depletion dehydration is an extracellular dehydration. 
Because of the osmotic action of the plasma proteins, this loss is greater 
in the interstitial than in the vascular compartment although there is 
also a fall in the plasma volume. A knowledge of these basic principles 
will be of considerable help in fully appreciating the causes underlying 
dehydration as found in heat exhaustion which is dealt with later. 


Provision of adequate quantities of water and salt was found to be 
of great importance in the maintenance of the physical efficiency of men 
living and working in hot climates and in the prevention of heat-stroke 
or dehydration, due to the deprivation of water, and of heat cramps due 
to the depletion of body’s salt reserves. Experimental findings in respect 
of the effects of long sustained work in heat, under differing conditions, 
indicated that the deprivation in both salt and water produced progres- 
sive deterioration in work with rising pulse rate, increasing thirst and 
fatigue and a progressive rise in body temperature to levels indicative of 
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impending heat-stroke. Striking improvement in performance was 
obtained if men were allowed to drink enough water during the day’s 
work to quench their thirst. For although the body temperature rose, 
1t could be stabilised below the critical level; the pulse rate although 
showing progressive increase did not reach a high level and work could 
be carried on for much longer periods than before. Thirst was not an 
adequate guide to water replacement, the amount of water lost in 
sweating being 1-14 times as much as men voluntarily drink. Better 
performance was obtained when men drank enough water to replace 
the loss rather than to satisfy the thirst. Administration of salt alone 
was found to be even more deleterious as it produced intense thirst 
and gastro-intestinal irritation and decreased the efficiency of the heat 
regulating mechanism. 


The sodium chloride requirement varies with individuals and their 
state of acclimatisation so that no hard and fast rule can be laid down. 
Investigations made in Australia during the war suggested that the salt 
content of the sweat of the inhabitants of tropical countries and well 
acclimatised persons was lower than that of the new-comers. This 
factor may have been responsible for the greater incidence of heat 
exhaustion in British troops as compared with Indian troops (50:1). 
- The relative incidence of heat-stroke amongst the two was not very 
different. ‘The concentration of sodium chloride in the sweat in any 
individual was found to vary with the body temperature, and it grew 
less with acclimatisation since the rise in body temperature at the end 
of a fixed task was less as acclimatisation developed. Besides this there 
were marked differences both in the chloride concentration in the sweat 
and in the rate of sweating of different men doing the same work even 
when their body temperatures were the same. In fact, the rate of sweating 
was found to be directly related to body weight so that the total sweat loss 
was greater in a heavy than in a light person, under equal conditions, 
and his salt and water requirements were considerably greater. It was 
shown by experiments that for an average man having access to an 
unlimited water supply and working hard enough to sweat at the rate of 
about one litre per hour, the requirement of salt necessary to maintain 
sodium chloride balance in a hot climate was about 2 g. per hour of work 
and 4g. per hour of rest. This meant that a man employed on sedentary 
work required only about 12 g. of salt per day whereas a man working 
hard for eight hours daily required about 24 g. Long continued depriva- 
tion of salt led to inefficiency of work in the heat, before the heat cramps 
developed. Salt depletion was characterised by fatigue and intolerance 
of heat. The food items of a typical fresh ration scale, such as the field 
service scale, contained about 10 g. of sodium chloride, while the tinned 
equivalent of such scale contained about 15 g. The salt issued for 
culinary purposes with such a scale was 14 g. or 28 g. in the hot weather 
on medical recommendation. A considerable proportion of this salt 
was left behind in the cooking water, and anything up to 50 per cent. was 
lost in this way. The total salt intake on a fresh ration scale was probably 
in the region of 15 g. (or 21 g. where 28 g. of culinary salt was issued) 
and 20-30 g. on a tinned ration scale. Therefore, special arrangements 
to increase the salt intake above that present in the ration, and issued as 
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culinary salt, were necessary only when men were ame hard work and 
recciving a liberal supply of water, or when a special ration was being 
issued which contained less salt. On the ordinary ration the salt 
obtained in the food and at table was adequate for water intakes up to 
14 gallons, but when the intake exceeded this quantity or where the 
ration with less than the usual salt was issued extra salt became necessary. 
This was most easily given by adding salt to all drinking water in 
amounts sufficient to give a 0'1 per cent. solution (5 g. or 1/6 oz. to the 
gallon), and salt at this strength was hardly perceptible to the taste, 
Another advantage in this procedure was that men’s salt intake was 
automatically increased with their water intake and part passu with the 


rate of sweating. 


Actual measurements of the amount of sweat produced by men 
doing moderate work (marching for three hours and playing base ball 
for 14 hours) in tropical and desert conditions were also made. The 
quantity was five to six litres in tropical conditions, which were taken 
as equivalent to a temperature of 93-95° F. during the day, with a relative 
humidity of 80-85 per cent., and 75°F. during the night, with a relative 
humidity of 50 per cent. To ensure adequate excretion of the end 
products of metabolism, the amount of urine excreted must not fall 
below 500 ec. At least another 500 cc. of water is lost in the expired 
air and faeces. Therefore, to maintain water balance the total quantity 
of water intake had to be at least 7 litres or approximately equal to 14 
gallons. In desert conditions, which meant a temperature of 100-120°F. 
during the day, with a relative humidity of 25-30 per cent., and night 
temperature of 92°F., with relative humidity of 30 per cent., it was 
found that the total sweat produced over 24 hours was anything up to 
eight litres. To maintain water balance the total daily intake was about 
nine litres or appoximately two gallons. It should be noted that these 
requirements were only for men doing moderate work, but these increased 
considerably when under conditions of hard work. Men could not be 
trained to do with less than their actual requirements of water. If 
water was withheld it was observed that even acclimatised men suffered 
a progressive loss of efficiency with eventual heat exhaustion of the type 
specially caused by dehydration, manifesting itself in such symptoms as 
dizziness, lassitude, breathlessness, tingling in the arms, intense sleep- 
lessness and later collapse. All these symptoms were relieved by drinking 
plain water. As already mentioned, thirst was no guide to the need for 


water. No ill-effects were found if men drank water during work 
whenever they felt thirsty. 


HEAT EXHAUSTION 


Reference has already been made to the confusing terminology 
employed in describing the effects of heat; and for the sake of clarity 
it is considered necessary to give brief descriptions of the conditions met 
with. The changes observed in those admitted to the military hospital 
in Shuaiba (Iraq) suffering from heat exhaustion and heat-stroke will 
now be considered. Heat exhaustion manifested itself in two ways 
(Ladell, et al., 1944). The first was the result of salt depletion with 
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secondary tissue dehydration, and was met with chiefly in the first half 
of summer. The second was found in the later half of summer 
among men who had already passed unscathed through the hott- 
est part of the season; their skins were more or less severely affected 
by prickly heat either in the healing or desquamating stage and they 
showed signs of defective sweating and polyuria. In the first type of 
heat exhaustion, which occurred among individuals who secreted a sweat 
of high salt concentration, lassitude, headache, vomiting and cramps were 
common, and the patients were pale, collapsed and sweated profusely; 
their skins were usually cool but a rise in the internal temperature up to 
102° F, in the rectum was noticed. The fall in the plasma volume, which 
at times amounted to 30-50 per cent., gave rise to characteristic vascular 
phenomenon of which tachycardia was a constant finding. The diasto- 
lic pressure was usually maintained at 80 mm. of Hg. or above by com- 
pensatory vasoconstriction, but the pulse pressure was low, often being 
less than 30 mm. of Hg.; the blood-pressure was usually unstable and 
since the pulse pressure tended to sink still lower on standing up syncope 
often ensued. The urine passed in 24 hours was scanty often amounting 
to 750 cc. and contained less than 3 g. of sodium chloride. The type of 
tissue dehydration met with in this condition was not associated with 
thirst; in fact the nausea present often induced the sufferer to refuse the 
water which he so badly needed. If the salt deficiency dehydration was 
not relieved by the administration of fluid, such as 4} to 9 litres of normal 
saline intravenously (8 to 16 pints), followed by copious draughts of half 
strength normal saline made up as lemonade, it reached a stage of severe 
and persistent oliguria or even anuria with grave nitrogen retention. 
The patient was then too dried to keep his body temperature down, 
and after a week or ten days from the onset of illness, hyperpyrexia 
supervened. Although it might have been possible to reduce the exces- 
sive body temperature by physical means, the dehydration bad passed the 
stage beyond which it could not be remedied. No such cases were found 
to recover and the hyperpyrexia noted here was in sharp contrast to that 
of heat-stroke, from which recovery under appropriate cooling treatment 
was usually rapid and complete. Hyperpyrexia as an ultimate develop- 
ment in cases of heat exhaustion was frequently met with in Iraq and 
Iran, in the severe summer of 1942, when many unseasoned reinforce- 
ments were received in the Persia and Iraq Force. Later, when proper 
measures for combating the effects of heat were brought into force and 
the conditions better understood, it became rare. It is always a wise 
policy to treat any person who is consistently losing weight and secreting 
a concentrated urine, with low or absent chloride, as a potential sufferer 
from the effects of heat and give him extra salt. 


The second type of heat exhaustion appeared in the later part of 
the hot season, was less clear-cut in symptomatology and, not being 
associated with salt depletion, was far less serious in its effects. Vomiting, 
cramps and cardio-vascular abnormalities were not found in this condi- 
tion. The skin of the central parts of the body in such cases was either 
covered with active prickly heat with secondary infection super-imposed, 
or it showed the harsh squamous thickening which follows an attack of 
prickly heat. In either condition sweating was impaired and the affected 
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areas showed a higher temperature than the normal. This skin dysfunc- 
tion often led to a small rise in the internal temperature of the body, up 
to 101°F. in the rectum. Despite diverse symptoms including lassitude, 
general discomfort and parasthesia of the extremities, the general condi- 
tion remained good, dehydration did not develop, the urine output 
remained high with a good salt content and the renal function was not 
impaired. Although chemically salt deficient, they were not so grossly 
depleted of salt as the first type. Their sweat glands, however, appeared 
no longer able to conserve salt by secreting a very hypotonic perspiration, 
an average salt concentration of 0°53 per cent. being found in Iraq, 
while a similar series in Karachi showed an even higher figure, 0°7 per 
cent. compared with 0'3 per cent. found in six controls. The general 
picture suggested a breakdown of the defence mechanism against heat. 
Signs of similar breakdown were found in some of the fit men observedin 
that during the second half of summer their sweat was richer in chloride 
content than in the first half. If such men, particularly those suffering 
from severe prickly heat, could be given a break of a few days in a cooler 
climate after eight weeks continuous exposure to desert conditions, the 
number of cases of heat exhaustion of this type occurring in an area 
would be appreciably reduced. 


HEAT-STROKE 


Heat-stroke was a more serious condition in which the heat regu- 
lating mechanism failed to keep the body temperature below the physio- 
logically critical level, with the consequence that hyperpyrexia developed. 
At times there were prodromal signs of defective sweating, exhaustion, 
giddiness, anorexia and frequency of micturition, but quite often the 
individual was suddenly struck down unconscious without any warning. 
The chief features were very high temperature, cessation of sweating and, 
in the later stages, unconsciousness with circulatory failure. ‘The rectal 
temperature sometimes rose to 105-110°F. and even higher. Tempera- 
ture as high as 117°F. is said to have been recorded. Profound loss of 
consciousness occurred in about one-third of the cases and partial loss 
with mental confusion in the remaining two-thirds. Mortality varied 
with the degree of pyrexia, being 8 per cent. with temperatures at 107°F., 
30 per cent. at 109°F. and 70 per cent. at over 109°F., although recovery 
was recorded after a rectal temperature of 115°F. Circumstances which 
favoured the development of heat-stroke were very high atmospheric 
temperatures and relative humidity in still or slowly moving air, and 
rarely exposure to strong and hot winds. In the former case the impor- 
tant factor was inhibition of heat loss and in the latter accumulation of 
heat owing to its much slower dissipation by evaporation. It was 
observed that when the relative humidity reached 85 per cent. and the 
temperature 100°F., the danger of heat-stroke was more marked. In 
the desert very dry atmospheres, with a temperature of 115-130°F., and 
wind velocities of 40 miles per hour, were common. Fortunately, such 
ón conditions were extremely rare in India. The nature of the 
bre down of the heat regulating mechanism of the body in heat-stroke 
cane not understood. Some suggested that it was due to the reflex 

bition caused by infective toxaemia and argued that if the body 
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temperature was already raised by such infections as malaria or sandfly 
fever the extra demands made by climatic conditions on the heat regulating 
mechanism were too great to be met. But it must be stated that cases 
of heat-stroke were met with in individuals who showed no evidence of 
such infection or intoxication. The influence of air humidity in the 
aetiology was demonstrated by the greater incidence of heat-stroke in 
the Persian Gulf area where the air was damper than up-country. A 
chart kept at Basra in 1943 had shown a general correlation between 
spells of humid southerly weather and cases of heat-stroke, and an even 
closer correlation between the high temperature at night generally 


prevailing during these spells and the actual occurrence of individual 
cases. 


Investigation of 12 cases of heat-stroke in Shuaiba showed only 
shght diminution in the chloride content of whole blood; a negative 
water balance was never found, and the 24 hours output of sodium 
chloride in the urine averaged 4°42 g. 


THERMOGENIC ANHIDROSIS 


A syndrome involving the failure of normal sweat mechanism, 
consequent upon the exposure to great heat in the desert was described 
by Wolkin, Goodman and Kelley (1944) in the case of eight soldiers 
engaged in normal military training in the desert area occupied by 
American forces. The history was of a rather sudden onset of generalised 
weakness, subjective warmth and discomfort, dizziness, * all-in ’ feeling, 
headache and shakiness. These symptoms had occurred during exposure 
to sunlight, either with or without physical exertion. With the onset 
of these symptoms cessation of sweating occurred in allcases, and in some 
this was preceded by profuse sweating during a period varying from a 
few days to several weeks. The cessation of sweating affected the body 
below the neck, while there was profuse sweating of the neck and face. 
From the neck downwards the skin was warm and dry and had the 
appearance of goose flesh. This * popular eruption ° was not transient, 
and some of the long standing cases exhibited a fine desquamation. As 
the condition improved, the skin regained its normal appearance. The 
mouth temperature was generally below 99° F. except when the tempera- 
ture of the surrounding atmosphere was 120° F. or more. The patients 
improved readily when provided with rest under cool environment, ‘The 
hyperpyrexia, coma, rapid pulse and increased respiration generally 
associated with heat-stroke were absent, nor were the cold clammy skin 
and signs of shock typical of heat exhaustion present. In one hospital, 
77 cases were admitted with some form of heat disorder from July to 
September 1943; three were unquestionably cases of heat-stroke, but 
many had been evacuated before this syndrome of failure of sweating 
had been noted. All the patients had been previously examined in 
battalion stations and given salt therapy. They were admitted to 
hospital only when this had failed, It was considered that salt 
intake and excretion played at the most an insignificant part in 
producing the condition, Wolkin et al. (1944) suggested that a 
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functional paralysis of the heat regulating mechanism resulting 

ore Tes initial a ía responsible for the condition. Miller, 
Silverman and Powell (1944) remarked that anhidrosis was most fre- 
quently associated with chloride deprivation and dehydration, and were 
of the view that a considerable amount of chlorides could «probably be 
lost from the system without a corresponding lowering of the blood 
chloride level which the organism tries to maintain, as the greater part 
of the sodium chloride content of the body is found in the tissues, 
Wolkin et al. (1944) had on the other hand apparently assumed that a 
normal blood chloride level justified the conclusion that there was no 
chloride deficiency. Miller et al. (1944) felt that the syndrome described 
above was fundamentally a psychosomatic phenomenon, and that the 
inhibition of sweating was secondary. They pointed out that the anxiety 
state during extreme elevations of temperature was known to inhibit 
both palmar and general body sweating, but could offer no satisfactory 
explanation for the limitation of sweating of the face and the neck, 
although they thought that the possibility of local reflex action must not 
be excluded. 


INCIDENCE OF EFFECTS OF HEAT IN THE INDIA COMMAND 


Indian Troops: In 1939, there were 20 admissions to hospitals from 
the effects of heat among the Indian troops in India, including eleven 
from Nowshera, three from Peshawar and two from Rawalpindi. The 
supply of ice for cooling purposes to Indian troops working in armoured 
fighting vehicles had at this time been stopped, and recommendations 
were received from the Waziristan area for its restoration, although until 
then no untoward results due to its stoppage had been recorded. During 
1940, there was a slight increase in the admission rate which was- 0:29 
per 1,000, the great majority of cases occurring in the Northern Com- 
mand. This rise continued in 1941, and the Northern Command was 
again responsible for the largest number of cases. The districts affected 
most were Waziristan and Rawalpindi, but the cases occurring in the 
Lahore district were of unusual severity. The admission rate for 1942 
was 0°76 per 1,000, showing a slight rise over that of the previous year. 
Still the rate was more than double the highest rate observed during the 
seven years preceding 1941, and, although high, it was only 1/26th the 
rate for the British troops for that year. In the year 1943, the rate declined 
to 0:41 per 1,000, the great majority of cases occurring in the North- 
Western Army and the Central Command. The conditions in 1944 
were more or less the same as in the previous year, and the years 1949 
and 1946 were marked by slight rise in the admission rate. The Indian 
soldier, though much less susceptible to the effects of heat than his British 
comrade, showed higher mortality rate due to heat-stroke. The incidence 
of the effects of heat was somewhat higher amongst the Gurkha troops 
as compared with the other Indian troops, but still much less than the 
British troops. The incidence {rate per 1,000) due to effects of heat 


among the Indian troops in the Indi i 
is given in Table L p he India Command during 1939 to 1946 
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Admission and death rates per 1,000 for effects of heat—VCOs & IORs— 
India Command—1939 to 1946. 











Fan Heat-stroke | Heat exhaustion {Total effects of heat 
r nr a A A A NR eeaeee aa 
Admission| Death | Admission Death | Admission | Death 
1939 .. bi i, 0°17 is 0-17 a 
1940 .. 0-03 0-02 0:26 me 0:29 0-02 
1941 .. 0-19 0-10 0:55 0:03 0:74 0-12 
1942 .. 0:26 0:11 0:50 0:03 0:76 0-14 
1943 .. 0-15 0°05 0:26 0-0! 0-41 0-06 
1944 .. 0:15 0-04. 0:27 0-003 0-42 0-04 
1945 .. 0-09 0-04 0:59 0:01 0:67 0-05 
1946 .. 0-14 0-02 0:94 0:01 1-08 0-02 





British Troops: When World War II broke out in 1939, there was 
satisfactory reduction in the total number of cases suffering from the effects 
of heat, and even greater reduction in deaths which used to be generally 
high in this group. A slight increase, however, was noted in the number 
of heat exhaustion cases, and this was probably due to the greater 
tendency to diagnose this condition in mild cases of general malaise 
in hot weather months. The absence of any marked increase in the 
effects of heat among the British troops during 1939 was all the more 
remarkable, as during the hot weather they were subjected to frequent 
moves by rail and road, had to man unusual defence posts and to return 
earlier from the hill stations to the plains. The Eastern Command area 
showed an increase of heat exhaustion cases and in all 16 cases with one 
death were notified; 13 of these had occurred in Lucknow. The cases 
of heat-stroke occurred from May to July, but heat exhaustion cases were 
seen up to August. In 1940, there was an increase in the admission 
rates per 1,000 of British troops to 6°16, as compared with 2°22 in 
1939; heat-stroke showing an increase from 0:36 to 1:21 and heat exhaus- 
tion from 1°86 to 4:94. In the Northern Command two definite outbreaks 
were reported, one from Multan and the other from Ferozepore. In the 
Multan area 22 cases were recorded between 22 June 1940 and 18 July 
1940 from one unit; ten of these were young soldiers experiencing their first 
hot weather in India. Although the temperature was not unduly high 
for this time of the year, the relative humidity was higher than usual. 
The standard of fitness of the unit was low and the men were shut up in 
barracks from 0900 hours to 1730 hours. Reveille was also too early, 
being at 0500 hours on the days when firing on the ranges took place. 
In the Ferozepore outbreak there were 36 cases between 1 July and 11 
July 1940, all from the same unit. Only five of the cases had less than 
one year’s service. There again the weather was not unusually hot, but 
the relative humidity was above the average. On 28 June 1940, 1°34 
inches rain had fallen, and most of the cases occurred in the next five days. 
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The standard of fitness of this unit was average, but the men were confined 
to barracks between 0900 hours and 1730 hours. Reveille was also early, 
No cases of heat effects were noticed among the personnel of another 
British unit in Ferozepore which had a later reveille, had its men doing 
work, mainly manual, outside their barrack rooms up to midday. In 
this connection it is also of interest to note that among the British troops 
engaged in operation on the north-west frontier of India, during the 
month of May 1940, there were only ten cases of heat exhaustion and 
none of heat-stroke, although the maximum temperature was constantly 
in the neighbourhood of 115° F. These troops were living under canvas 
and working in the open all day. 


In the year 1941, there was an increase in the admission rate per 
1,000 to 7:81, cases of heat-stroke decreasing and those of heat exhaustion 
increasing. The great majority of cases occurred in the Northern 
Command, which had nearly always shown the highest incidence among 
the commands in India in respect of the effects of heat. “Lhe summer of 
1941 was marked by unusually high temperatures and increased relative 
‘humidity, and its duration was abnormally prolonged. Unfortunately, 
the number of young and unacclimatised soldiers in the command was 
large during this year. 


In 1942, the incidence of the effects of heat had increased to 19-71 
per 1,000, heat-stroke case rate increasing from 1:00 to 2°16, and that of 
heat exhaustion from 6°81 to 17°54. The increase was due mostly to 
high rates for Peshawar, Lahore and Lucknow districts. Majority of 
those attacked were young and unacclimatised soldiers who had only 
been a short time in India. Both heat-stroke and heat exhaustion were 
serious in nature, and the death rates were considerably higher than 
usual, 


The year 1943 showed a marked decrease in the admission rate per 
1,000 which fell from 19°71 in 1942 to 5°30, heat-stroke rate decreasing 
from 2°16 to 0°71, and heat exhaustion from 17:54 to 4°59. In assessing 
the value of these remarkable reductions, it should be realised that the 
year 1942 had produced the highest rates ever recorded for the British 
troops in India, and that the year 1943, although showing the lowest rate 
so far, still had a rate twice as high as the average of pre-war years. As 
already pointed out, the great majority of those attacked in 1942 were 
young and unacclimatised soldiers, who had been in India for only a 
short period and who had the misfortune to experience in their first 
summer in India an unusually severe hot weather. Their officers were 
also generally inexperienced in the care of men in really hot weather and 
were inclined to ignore the effects of heat. By 1943, there was a change 
for the better when hot weather precautions were fully instituted. 
Another factor was that the British troops serving in India in 1943 
contained only a small proportion of unacclimatised troops, although it 
must be stated that they were not so tough and acclimatised as their 
predecessors of the pre-war years, 


Compared to 1943, there was an increase in 1944 of the admission 
rate per 1,000 from 5-30 to 7:39, the rate for heat exhaustion rising from 
459 to 6'68. Although the rate of admission for 1944 was about the 
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average of the war years from 1940 to 1943 and very much less than that 
of 1942, it was three times as high as the average of pre-war years. This - 
would seem to indicate that not only the British troops of 1944 were not 

so seasoned and tough as their predecessors of pre-war days, but that the 


war-year troops were exposed to greater hardships and stresses than 
their pre-war comrades. 


The year 1945 saw the admission rate per 1,000 increasing to 11°99; - 
the rate for heat-stroke rising to 1-47 and that of heat exhaustion to 10°52. 
Climatic conditions were more or less the same as before, and no satisfactory 
explanation can be offered for this rise except that there was an increasing 
influx of unseasoned troops into the command and the accommodation 
available continued to be below the pre-war scale. The military stations 
which recorded the highest incidence were Jhansi —-207 cases; Lucknow— 
132 cases; Barrackpore—120 cases and Delhi—110 cases, During the 
month of May 1945, a considerable number of cases were reported during 
and after disembarkation from a convoy at Bombay, the great majority 
being from one particular transport. In all, 38 cases were admitted to 
the hospital in Bombay, ten of them were sick transfers from the ship’s 
hospital and another 14 from the reception camps. The nature of cases 
varied from severe heat-stroke to mild effects of heat; two cases proved 
fatal. Investigation showed that the ships of this convoy were seriously 
over-berthed for a hot weather voyage to India, and should have in fact 
been down-berthed by at least 25 per cent. for voyage east of Suez. 
Ventilation in all the ships was definitely inadequate, and in the ship 
most affected it was particularly bad. The number of cases reported 
during the voyage were nine only, but there can be little doubt that the 
heat endured had had a more serious effect. The arrangements for 
disembarkation for all the ships in the convoy were practically the same. 
The breakfast was served at 0400 hours, and disembarkation began at 
0600 hours. The men then marched in full kit to the Victoria "Terminus 
Station, Bombay—a distance of about half a mile. They entrained at 
0830 hours and the train departed shortly after 0900 hours. The train 
journey to Deolali took about eight hours and the men were conveyed 
in lorries to the camp. Those who proceeded to Kalyan had to march 
from the railway station to their camp. The story related by one patient 
was typical of the many. 


“The ship was very hot and the ventilation bad. We had to stand 
quite a long time on the deck before disembarkation, then we had a 
while on the wharf. I was wearing a steel helmet because I had lost my 
fopee, and it was red hot. Then we marched to the railway station, and I 
was not feeling too good. We had to wait on the platform, I do not 
remember what happened after that ”. 


Reports as to the availability of drinking water on ships, dockside 
and troop-trains were somewhat conflicting, but it 1s doubtful whether 
water was available in all compartments in the train. There were no 
adequate facilities for the refilling of water bottles before disembarkation 
or while waiting for trains, the majority of men managing to fill their 
bottles from the cook-houses on ships. 


During 1946, there was little change in the admission rate per 
1,000, which was 11:90 as compared to 11:99 in 1945, Heat-stroke 
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7 to 3:20 and the heat exhaustion rate fell from 10:52 

in 1945 to 8:70 in 1946. The incidence in the Northern Command was 
` Very high, the rate per 1,000 having risen from 16°07 in 1945 to 48:13 
during 1946. In a field force formation, which was taken out on exercise, 
on what proved to be the worst day of the whole of the hot weather, 68 
cases occurred. Fortunately, there were no deaths. During July 1946, 
there were 108 cases in the Peshawar, 106 in the Rawalpindi and 59 in 
the Lahore areas. In the cities of Peshawar and Nowshera the weather 
was so hot that it was found necessary to allow the troops to sleep without 
mosquito-nets to obviate the risk of heat exhaustion. ‘The mocleno 
mosquito nets which were in use allowed for little or no ventilation, and in 
spite of all endeavours it was found impossible to replace them witha 
normal open mesh. This unsatisfactory type of net had to be reluctantly 
brought into use during the war, as the machinery for manufacturing the 
normal types of nets was then not available in India, The stations 
affected in the Northern Command were Lahore—162 cases; Now- 
shera—128 cases; Rawalpindi—120 cases; and Peshawar—91 cases. 
In the Eastern Command, 250 cases suffering from the effects of heat 
were admitted to the hospitals. Of these 158 were reported from the 
United Provinces (now Uttar Pradesh) and the stations most affected 
were Meerut—69 cases; Agra—51 cases and Jhansi—10 cases. In the 
Southern Command, 192 cases of the effects of heat were recorded, and 
the largest number of cases were recorded in the Madras area, which 
was responsible for 50 per cent. of all the cases. The admission and 
death rates per 1,000 due to the effects of heat among the British troops 
in the India Command during 1939 to 1946 are given in Table 11. 


rate rose from 1:4 


TABLE II 


Admission and death rate per 1,000 for effects of heai—BORs—India Command- 
1939 to 1946 








2 Heat-stroke | Heat Exhaustion Total effects of heat 

ear | Í —____—_——— zzz q _ _ _—_Q_Q_ _ AX 
Admission| Death Admission | Death | Admission | Death 
1939 0:36 0:06 1°86 0:06 2 22 o-11 
1940 1:21 0-06 4-94 0:15 6:16 0:22 
1941 1:00 0:09 6:81 0:06 7'8l 0:14 
1942 . 2°16 0:44 17:54 0-44 19:71 0-87 
1943 0-71 0-09 4-59 0-06 5:30 0-15 
1944 0:71 0°17 6:68 0°07 7°39 0° 24 
1945 .. 1:47 0:16 10°52 0°02 11:99 0:18 
1946... 3°20 0:06 8:70 0:01 11:90 0:07 


EFFECTS OF HEAT ON THE EASTERN FRONT 


The effects of heat among the British troops serving in the Eastern 
Army during 1942 were much greater than among the Indian troops; 
and in this respect the picture resembled the one found in the India 


EFFECTS OF HEAT 537 


Command, but the rates on the whole, both Indian and British, were 
comparatively lower than those of the India Command. This was due 
to the fact that climatic conditions in the Eastern Army area, which 
consisted mostly of Assam and Bengal, were on the whole much less 
conducive to heat effects than many other parts of India, notably the 
great plains of northern and central India where very high atmospheric 
temperatures combined with high humidity were generally found towards 
the onset and, to a less extent, during the monsoons. In Bengal and 
Assam, although the relative humidity was rather high for six to seven 
months in the year, the atmosphere temperature in no part attained the 
height associated with the northern and central India. The comparative 
incidence (rate per 1,000) for effects of heat among Indian and British 
troops in the Eastern Theatre and India Command during 1942 to 1945 
is given in Table ITT. 


TABLE MI 


Comparative incidence (rate per 1,000) for effects of heat-—VCOs E IORS and 
BORs—Eastern Theatre and India Command—-1942 to 1945. 





Eastern Theatre’ India Command 





+ 

















Heat exhaus- Heat exhaus- 
Year Hon Heat-stroke ion Heat-stroke 
VCOs VCOs VCOs | VCOs 
& ÍBORs| & I¡BORs| & 'BORs| & [BORs 
IORs IORs IORs | IORs 
1942.. .. | 0°18 | 9°37 | 0-06 | 1-65 | 0-50 [17-54 | 0:26 | 2:16 
1943 .. ~" | 9-47 | 4:32 | 0:09 | 1°39 | 0:26 | 4°59 | 0:15 | 0-71 
1944 .. 0-50 | 4:18 . 
9-39 





EFFECTS OF HEAT IN IRAQ AND IRAN 


Atmospheric conditions conducive to the production of effects 
of heat were met with both in Iraq and Iran, which were the regions 
occupied by Persia and Iraq Force. The prevailing winds in the summer 
were hot and dry and came from the north-northwesterly direction. The 
hot weather was often interrupted by comparatively calm weather or by 
brief spells during which breeze with relatively high humidity blew 
from the southerly quarter. Such spells were most frequent and 
prolonged in the plains adjoining the Shatt el Arab and the Karum rivers, 
and often lasted from a few hours up to two to three days. In 
Iraq and Iran the incidence of the effects of heat during 1942 
was 3'2 per 1,000 for the Indian troops and 88:7 per 1,000 for 


Figures under the column “Eastern Theatre” against the years 1942 and 1943 relate to 
Eastern Army and Fourteenth Army respectively, and figures against 1944 and 1945 are for 
SEAC (excluding Ceylon Command). : : 
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the British troops. The case mortality among the Indians was six times 
Higher than the British in 1942. Details are given in Tabte IV. 


TABLE IV 


Admission rate per 1,000 and case mortality rate per cent. due to effects of heat— 
Indian Ae British troops—Persia and Iraq Force—1942 to 1944. 





1942 1943 1944 
Troops Admis- | Case | Admis- | Case | Admis- | Case 
sion mortality; sion mortality; sion  |mortality 
rate rate rate rate rate rate 
per 1,000 per cent. per 1,000|per cent. [per 1,000|per cent. 
Indian troops 3-2 8:87 0-3 9:76 0-09 0 
British troops 88: 7 1:35 | 15:0 2-31 2'3 0 














A e  a 


Three serious outbreaks of the effects of heat were recorded in 
1942 with a high proportion of cases of hyperpyrexia among the unsea- 
soned troops, both Indian and British. These occurred within a few hours 
of disembarkation at Basra and were responsible for nearly 80 per cent. 
of the cases in that area. The first two related to two convoys of British 
troops which landed at Basra in July and August 1942. During the 
voyage the troops had suffered severely from sea-sickness in the Arabian 
Sea and from prickly heat in the Persian Gulf. After having remained 
standing on board for a greater part of the night, they disembarked at 
dawn without any meal and travelled by train to a transit camp in the 
desert, where in the heat of the day they had to draw out and pitch their 
tents, distribute drinking water, fetch their rations and cook them. 
Cases of hyperpyrexia began to occur almost immediately, and, in one of 
the convoys, 100 men suffered either from heat exhaustion or heat-stroke 
out of whom ten died. The third outbreak occurred in a draft of Indian 
reinforcement, mostly Bengali seamen of the Inland Water Transport Units, 
who reached Basra in the early morning, were transferred from the ocean 
to a river transport, the ultimate destination being a short distance down- 
stream. Owing to the lack of co-ordination of movements in the river, 
the passage of the steamer was obstructed by a ferry, and she had to lie 
mid-stream for several hours. The day was hot with still air, the decks 
were crowded and enough drinking water was not available. The result 
was that 50 men went down with the effects of heat by the end of the day, 
and of these six died, 


_ Yet another outbreak occurred in 1943. A convoy with armoured 
vehicles was moving from Iraq to Iran. It was the hottest part of the 
summer and the first hundred miles of the route from the north-west to 
the south-east lay through the plains. The wind was following the same 
direction and in fact blew strongly. The men worked at the vehicles 
till late at night and started carly the next morning after having had 
very little sleep and no proper meal, The ice was left behind and some- 
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thing went wrong with water supply at the first night's halt. On the 


second day there were 119 cases of the effects of heat, 15 of whom were 
hyperpyrexial. 


Lastly mention may be made of the cumulative effects of heat 
to which Morton (1944) drew attention. Experience of several summers 
in Iraq impressed upon him the fact that the greatest incidence of 
casualties occurred on the third or fourth day of a heat wave, 
_Recognition of this fact will be of some value in prophylaxis. 


PREVENTIVE MEASURES 


A knowledge of the many factors involved in the production of the 
effects of heat would point the way to its prevention. Acclimatisation 
occupied an important place in the prophylaxis of heat-stroke, and 
experience during the war showed that a surprising amount of exertion, 
even to the extent of forced marches in armoured vehicles, could be 
undertaken by seasoned troops without any ill-effects in intense heat. 
Reference has already been made to the freedom from heat-stroke of the 
seasoned British troops, stationed at Ferozepore in the Punjab in 1940, 
and those engaged in the operations on the north-west frontier of 
India in the same year, although engaged in outdoor work or strenuous 
duties in hot weather. In marked contrast to these were the newly arrived 
British troops in the same area who showed a much higher incidence in 
spite of being kept confined to barracks daily between 0900 hours and 
1730 hours in summer. Acclimatisation included not only the condition- 
ing of officers and men but the education of unit commanders in the 
prevention of heat effects. Ability to work hard in a hot climate was 
acquired in about four weeks, and it was suggested that the best procedure 
for the training of men of the temperate climate for duty in hot countries 
was to make them work hard in summer for a month or two. If the men 
reached a hot country in an unacclimatised state, the most critical period 
was the first few days after arrival. The long periods of work in the sun 
(like guard duty) were found harmful and generally avoided. At first 
the men were exercised only for short periods each day, the exercise 
being just enough to produce vigorous sweating but not severe 
enough to produce exhaustion. After a week the duration of such 
exercise was lengthened and the process continued until the men could 
work for several hours without distress. During the period of acclima- 
tisation constant supervision was necessary to ensure that the preventive 
routine was properly followed. It was also stressed that, during the 
first month of acclimatisation, exertion to the point of exhaustion was 
most dangerous and severe tests of endurance had to be avoided. 
There is evidence to suggest that acclimatisation once acquired lasts for 
at least three weeks in most cases. During the summer months it was 
found definitely beneficial for troops, both Indian and British, to be kept 
employed on light work throughout the day, but such work was preferably 
done in the shade. Route marches and other exhausting tasks were 
avoided, whenever possible, after 1100 hours in very hot weather. 
Strenuous games before 1800 hours in the summer were not encouraged. 
During the critical heat-stroke periods, programmes of work were drawn 
in consultation with the local medical authorities as far as possible, 


540 PREVENTIVE MEDICINE 


The increase in the rates during the period 1939 to 1942 was due 
to the greater number of unacclimatised troops in the command. The 
fall in 1943 was due to the small number of unacclimatised British troops 
in India during that year, The year 1944 calls for no special comments 
except that the increased incidence of heat exhaustion for British troops 
was due probably to greater hardships and stresses to which they were 
subjected, on account of the campaigns conducted for the reconquest of 
Burma. 

Analysis of some of the case histories showed that the more impor- 
tant precipitating causes for attacks of the effects of heat were the lack of 
rest and sleep, inadequate intake of water and insufficient foods. The 
early limit for reveille in India was kept at 0930 hours, as far as possible, 
and preferably at 0600 hours for young and unseasoned British soldiers. 
In Iran and Iraq it was the experience that the troops kept fitter by 
making reveille an hour later than usual and so giving them an hour’s 
extra sleep. The output in the workshops was not diminished although 
the working day was shortened. A minimum of eight hours sleep was 
encouraged and, when not in contact with the enemy, the day’s pro- 
gramme was so arranged that these two objects were fulfilled. Arrange- 
ments were made, whenever possible, to provide special cool accommoda- 
tion during the day for men on night duty, as it was the experience that 
nothing wore out the troops more in the hot weather than a spell of 
night duty combined with lack of sleep during the day time in hot huts 
or tents. Arrangements for daily baths, preferably in river or lake, were 
made whenever possible, as these were found to be particularly beneficial. 
In the absence of these, improvised shower baths were brought into use. 


Proper clothing was important in prophylaxis; and hot weather 
uniform used in India was satisfactory in that it was light, loose, thin, 
absorbent and light-coloured. The bush-shirt was found to be the best 
form of jacket to wear, and it was found cooler when the undervest was 
not worn. If, however, an undervest was used at all the one made of 
thinnest cotton mesh was recommended. Although the theory that the 
actinic rays of the sun were responsible for heat-stroke was no more credi- 
ted, the necessity of protecting the head against the heat rays of the 
sun was still recognised; and for this purpose the Indian pattern topee 
which was light, comfortable, cool and well-ventilated was regarded as 
an excellent head-dress for the hot weather. It was definitely better 
than the felt hat which was warmer, although it must be admitted that 
as an all round headgear in tropical jungle warfare, where rain was 
prevalent in the hot months, sun less strong and the temperature lower, 
it had certain advantages. There was, however, no unanimity of 
opinion regarding the use of protective dress as there were persons who 
described topees, spinepads and red shirts as mere clinging to supersti- 
tions, and in contrast stressed the importance and practicability of air- 
conditioned buildings. Waterlow (1944), who had made some measure- 
ments of the area of the body shaded by the topee, pointed out that about 
midday it was about 16 per cent. Most of the shaded area as well as the 
sg of body was still receiving radiation from the surrounding desert 

a surface temperature of 160° F. Morton (1944) thought the topees 
were still useful as a headgear in a climate like that of Iraq, but did not 
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think that spinepads were necessary. He thought that thick boots 
tended to raise the body temperature. 


A large proportion of heat-stroke cases occurred in barracks, rooms, 
huts, tents, etc. Special attention was, therefore, paid to making these 
as cool as possible. Full use was made of khas khas tatties in the dry 
weather in India; camel thorn screens were used in Iran and Iraq; the tents 
were provided with thatch covers and all huts and tents painted white with 
lime-wash. Im single fly tents thatch covers were found essential 
in very hot weather, Table V illustrates the beneficial effect of thatch 
covers over tents in reducing the shade temperature during the heat 


of the day, though the effects were very slightly the reverse when the 
shade temperature was below 90°F. 


TABLE V 


Shade temperature in different types of tents. 





80°-89° E | 90°-99° F | 100 F° and over 
Tents TA APA ga 


A.M. | P.M. | AM. | P.M. | AM. | P.M. 


AAA a a 


With thatch covers | 84:86 | 85-33 | 90:93 | 93-82 104-50 | 103-55 
Without thatch 


covers .. | 84°25 | 85-00} 93-07 | 94-60 | 108-00 | 107:58 
Number of observa- 
tions wx | 38 6 | 14 20 4 43 





These observations were made in six military stations in the Punjab 
during the period May to September. Heat absorption in tenis was 
also found to vary considerably if colours other than white were used, 
Whitewash on the outer and inner surfaces of the tent material was found 
to be the most effective cooling material. Another matter which required 
attention was the pitching of tents, which was not carried out to the best 
advantage. The double roof was allowed to sag and the two covers 
were not kept properly apart so as to permit the maximum amount of 
ventilation. With the help of the Public Relations Directorate, GHQ 
(India), a poster Gosh! its hot was prepared showing the right and wrong 
ways of pitching a tent. Endeavours were made to obtain the maximum 
ventilation by natural means, and fullest use was made of punkhas and fans 
for cooling purposes. Men were encouraged to sleep out of doors during 
the hot weather if rain permitted. 


So far as the consumption of food and drinks during the hot weather 
in India was concerned, the opening of bars before half an hour after 
sunset was not encouraged, and recommendations were made regarding 
the restriction of the issue of alcoholic drink to the equivalent of one 
quart of beer or two small whiskies per day. Men were encouraged to 
eat their full normal rations, and the main meal of the day was given in 
the cool atmosphere of the evening. 
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Simple lectures were given to all ranks on the causation and preven- 
tion of the effects of heat in 1942, and this bore fruit in 1943. Troops 
often had an exaggerated idea of the effects of heat, and It was necessary 
to reassure them that if they observed the simple precautions necessary 
for its prevention the conditions need not become such a danger as many 
would make it. While they were told the facts about the effects of heat 
a state of alarm amongst them was strongly discouraged. In short they 
were taught to respect the heat and not fear it. The British troops 
were told that sun-tan was desirable, but it had to be gradually acquired, 
Well tanned troops could work all day in hot sunshine stripped to the 
waist and in fact derive benefit from doing so, but the ability to stand the 
direct rays of the sun on the naked body was acquired only after wecks 
of carefully graduated increasing exposure. Pale, fair-haired, or red- 
haired individuals had to be specially careful and some of them could 
never stand the direct sun on their naked bodies. Dark tinted glasses 
were recommended for all those sensitive to sun-glare. Although ambre 
coloured glasses were most suitable, yet any tint which reduced the glare 
was found to serve the purpose. Water was provided at all times during 
the day at various working places and men were encouraged to drink as 
much as, or more than their thirst required, For moderate work at least 
14 to 2 gallons (or 43 to 63 litres) of water per day was found necessary 
for drinking and cooking purposes and this was increased to 24 to 3 
gallons (or 114 to 134% litres) when men had to do hard work. When 
water supply during work was limited, it was found that a hard day’s 
work, although uncomfortable, could still be tolerated. Efficiency did, 
of course, decrease progressively throughout the day. In such a con- 
tingency men were encouraged to drink as much water as they liked 
during the night and in the morning before starting work. 


The importance of ingestion of salt by men doing hard work in 
tropical climates has already been discussed. Attempts were made in 
the India Command to make every one ‘salt conscious’ and the 
experiment was made of adding extra salt to the bread in the proportion 
of 3/8 oz. of extra salt per loaf. For ordinary hard work in the hot 
weather in India, the salt requirement was fixed at 1 oz. per man per 
day. In the ration in India 4 oz. of salt per day was supplied and was 
- expected to be eaten by the soldier with his food. An extra } oz. was 
allowed during the hot weather and this was consumed by being put 
in drinking water. Extra salt was also issued in the form of salt tablets 
which were RIASC supply issued only on medical recommendation. 
Each of these salt tablets contained 10 grains of sodium chloride and was 
made so as to dissolve rapidly, and one tablet dissolved in 1 pint (or 
0:568 litre) of water (or 2 tablets in a regulation water-bottle) gave 
approximately O'I per cent. solution. They could also be swallowed 
whole in doses, not more than one tablet per pint of water drunk. 
Instructions were also issued that they were never to be taken without the 
recommended amount of water as they caused nausea and sometimes 
vomiting. 

In addition to the general hot weather precautions followed and 
described above, special precautions were taken by troops during rail 
moves in the hot weather in India and elsewhere. The official hot 
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weather in India continued from 15 April to 15 September, except for 
journeys on the North-Western Railway, when the dates were 1 April 
to 15 October. When abnormal weather conditions prevailed, this 
period was extended or reduced at the discretion of medical authorities. 
During this period heat-stroke centres were established in nearly all the 
military stations in the plains, and some hospitals had a certain propor- 
tion of their wards air-conditioned. In the case of British troops, 
travelling by train, steps were taken to ensure that all the electric fans in 
military coaches were in working order. A compartment, in addition 
to that for hospital accommodation, was reserved on trains and equipped 
for the treatment of troops suffering from the effects of heat. Entrain- 
ment at night was not permitted when the train was due to leave early 
morning, as it was found most dangerous to spend long periods cooped 
up in a stationary train in the hot weather. Ice containers were authorised 
and supplied at the following scale:— 


Each military coach  .. “0 a 
Each hospital compartment T 
Each officer’s compartment 

Each kitchen car 


pant pei poet OST 


Ice was authorised in India at the scale of one maund per container 
at the beginning of the journey, and a further maund for replenishment 
later in the day, Where third class coaches were used, ice was supplied 
at the scale of one maund per eight men and one maund for later replenish- 
ment in the day. Ice was generally obtained at the large stations and issues 
arranged to be taken over in the early morning and late evening. 


During moves in motor transport by road, hours of movement 
were restricted as far as possible to the cooler hours of the day, and the 
daily distance covered did not exceed 100 miles per day, and one day’s 
halt for rest was permitted after every four days driving. Every effort 
was made to take the maximum possible advantage of the shade that 
was available on the way, and halts were made in the shade even if that 
entailed going several miles further than expected. Canvas water bags 
(chaguls) full of salted water were carried slung on the outside of each 
vehicle, and this was found to be an excellent way of ensuring cool 
drinking water. 


In 1945, orders regarding hot weather precautions were issued well 
in advance, special attention being paid to unseasoned troops travelling 
by rail and road. Reference has already been made to a number of cases 
of the effects of heat during and after disembarkation from convoys at 
Bombay and Basra. Instructions were issued to carry out disembarkation 
at night as far as possible and to so arrange it that heavy fatigue duties 
were avoided. Transit camps were equipped and held ready to recerve 
newly arrived troops. The camp staffs undertook all the cooking for the 
first 24 hours after the arrival of any new unit. Adequate salted drinking 
water was provided at the docks, railway stations and trains. Trans- 
port was arranged for journeys longer than halfa mile. Steel helmets were 
banned during the hot part of the day and entrainment of troops deferred 
until as near departure time as possible. 
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In the Persia and Iraq Force the minimum quantity of drinking 
water allowed was fixed at 12 pints (or 6:8 litres) per day per man for 
ordinary duties and 16 pints (or 9 litres) for men carrying out heavy duties 
in the open. The salt ration of 4 oz. per day was augmented by a 
further $ oz. and drinking water was salted to a concentration of 30 to 
40 g. per pint, whenever practicable. Ice was issued on a scale of ¿ lb. 

er man per day and was reserved for food preservation. Alcohol was 
prohibited until after sundown. Amenities were developed considerably 
and these included canteens, NAAFI facilities, static and mobile 
cinemas and swimming baths. The baths were often filled with brackish 
water from local wells. Heat-stroke treatment centres were established 
and were provided with trained staff in populated areas. Each general 
hospital had air-conditioned wards, and originally they accommodated 
10 per cent. of the bed strength, but, in 1945, owing to the reduction 
of the strength of the force, the proportion had increased to 20 to 40 
per cent. The convalescent depots and leave camps were established in 
the hills of Iran and northern Iraq; the policy was to send each man 
into a cool climate for two weeks each summer. ‘The benefits achieved 
by the results exceeded all expectations, and the incidence of casualties 
from heat throughout the Force was reduced from 17°5 per 1,000 in 
1942 to 3-5 per 1,000 in 1943. It must, however, be stated that except 
for a few engagements in 1941, the forces in Iraq and Iran, were not 
subjected to direct enemy attack by land or by air. Front-line units in 
the desert attained a high degree of tolerance to the most severe heat, but 
the problem of armoured fighting vehicles in prolonged action in sun 
temperatures of 160° F. to 180° F. had never to be faced. Many of the 
preventive measures used in the Persia and Iraq Force would have been 
impracticable during actual operations in the field and on L of G subjec- 
ted to serious air attack. It appears that the best way of minimising 
casualties from the effects of heat lies in training troops and their com- 
manders how to live and work in tropical chmates. 
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CHAPTER XXIII 
Enteric Group of Fevers 


___ Although enteric group of fevers was widely prevalent among the 
civil population in India, yet their incidence in the Army-in-India has 
been steadily declining during the last 45 years or so. Even during the 
war years, from 1939 to 1946, their incidence was remarkably low, 
although there was a constant flow of raw recruits throughout the period; 
standards of sanitation had deteriorated everywhere when compared 
with peace-time; intensive training in unhealthy areas was in full swing 
and a number of active operations took place. 


INCIDENCE 


India Command (British Troops): The admission rates per 1,000 for 
British troops in the India Command on account of enteric group of 
fevers are given in Table I. 


TABLE 1 


Incidence (actual number and rate per 1,000) of enteric group of fevers-—BORs— 
India Command—1939 to 1946. i 











Year Actual Rate per 

number 1,000 
1939 eR ks 41 1:08 
1940 e dd 40 1-24 
1941 wi ws 30 0-85 
1942 EN or 102 1-59 
1943 in a6 89 0:74 
1944 ai Sx 148 1-21 
1945 pi pi 104 0-72 
1946 se sn 88 1-01 





In 1939, the Deccan and Madras districts were free from enteric group 
of fevers, but there were nine cases in all in the Southern Command; 
slight increase was recorded in the Eastem and Northern Commands. 
In the Peshawar district, there was an epidemic in the villages surrounding 
Nowshera and a number of cases occurred in the Saddar Bazar. During 
1939, nearly 2,000 British troops were in camps in Waziristan but not a 
single case was reported among them. This remarkable freedom from 
the enteric group of fevers was perhaps due to prophylactic inoculation 
and chlorination of water. 


There was slight increase in the admission rate per 1,000 in 1940; 
this was due entirely to a minor epidemic of 13 cases of paratyphoid * A’ 
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which occurred in the Lahore district during summer. The infection 
rates among the protected and unprotected groups of the British troops l 
in India during 1940 were as given in Table 11. 


TABLE II 


Infection rates of enteric fever during 1940 in protected and unprotected British 
troops. 


m A RT II 

















Percentage Admission rate 
per 1,000 
= he) acl 
nprotect- nprotect- 
Protected pi Protected | ed 
Officers .. .. | 91:10 8:90 2°79 37°04 
BORs 22 .. | 98:41 1°59 1:13 7°78 














During 1941, the admission rate per 1,000 declined slightly, but it 
rose from 0°85 in 1941 to 1:59 in 1942. During 1943 the admission 
rate again came down to 0°74, which until then was the lowest rate ever 
recorded for the British troops in India. Itis somewhat remarkable 
that 1943, which was a year of war and indifferent sanitation, should 
have produced a new low record. During 1944 the rate rose to 1:21 
but fell again to 0°72 in 1945. In April 1945, among the RAF 
personnel stationed at Kanpur, 18 cases were recorded in quick 
succession with three deaths. All cases with the exception of one were 
protected by inoculation. The experience gained during this epidemic 
suggested that the course of the disease was hardly modified by inocula- 
tion. The year 1946 was marked by some increase in the admission 
rate for enteric group of fevers. Cases occurred sporadically over the 
whole of the year with the exception of an outbreak in a British unit in 
Secunderabad. There a total of 11 cases was reported, nine of these 
were proved to be typhoid fever and two were suspected to be typhoid 
fever. All these cases were mild and all had been inoculated within 12 
months. Although a thorough investigation was made and suspicion fell 
on raw fruits, particularly water-melons which were on issue at that time, 
the source of infection could not be definitely traced. 


Actual number of admissions and deaths on account of the enteric 
group of fevers, among the British troops in the India Command, is 
given in Table III. The seasonal distribution, i.e., the percentage of 
enteric group of fevers, among Indian and British troops in the India 
Command during 1939 and 1940, is given in Table IV. The monthly 
figures indicate that some factors connected with the warm and wet 
months of the year were responsible for most of the outbreaks that 
occurred. That infection by flies was probably one of the factors 


a FORE GSiod by the greater frequency of these diseases during the fly 
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TABLE IIT 


Actual number of admissions and deaths due to enteric group of fevers—BORs— 
India Command—1939 to 1946. 





“| &!1 ò <a] O 
a} et | oe 3l3lom 
Year = E E E _ 5 El El E | 
8) S| El E g 31 $| El El 8 
ls dida 
ei al & |i EJB 8&1] & | č | culé 
1939 14 7 2 2 16 4} 1 1 ki | 2 
1940 13 19 8 40 ES A we is e 
1941 13 8 1 30 2 e 5 1 3 
1942 59 2 41 | 102 13 se aa 2 15 
1943| 49 8 4 28 89 10 1 1 1 13 
1944 87 12 4 1 44 | 148 13 2 2 Fa 4 21 
1945 n5 8 1 40 | 104 10 ae a ea 10 
1946 50 3 35 88 2 ó pe 2 


TABLE IV 


Seasonal distribution per cent. of enteric group of fevers—Indian and British 
troops—India Command—1939 and 1940. 





t Bl 8 
-Q tu Re) 
Year 2 g E g E 3 g E 
= fa E z > o A = O W Q 
EEE: = H] 8 S = = aj 3 2 ps 
al É | 3i €] 3 | Ai 5j <) alo] 2) 4 
O RS A ae ee a er A ee e 
1939| 2:7 16:3 | 5'4 | 4:5 [11-7 | 8-1 |15:3 |16:2 116:2 | 6:3 | 4:5 | 2-7 
1940! 5-6 | 2-4 | 7:9 114-3 |12:7 |11:9 |12:7 |11:1¡7:9]/|3:9]| 4:8 | 4-8 























India Command (Indian Troops): The admission rates per 1,000 for 
Indian troops in the India Command on account of enteric group of 
fevers are given in 'Pable V. 


On the whole, the incidence among Indian troops was lower for 
enteric group of fevers when compared with that of the British troops. This 
was to some extent due to the partial immunity, which the Indian troops 
had acquired by receiving continuous and sub-minimal doses of infection, 
A perusal of the preliminary report of the Public Health Commissioner 
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with the Government of India for 1939 showed how intense and wide- 
spread were the enteric group of infections in the civil population. 


TABLE V 


Incidence (actual number and rate per 1,000) of enteric group of fevers—VCOs 
& JORs—India Command—1939 to 1946. 


AA ee 








Year Actual Rate per 
number 1,000 
1939 T + 64 0°55 
1940 we 0 T 126 0:73 
1941 “4 Ln. | 204 0°61 
1942 P a 233 0:44 
1943 ci aa 336 0:45 
1944 ws ae 464 0°52 
1945 T ES 281 0-32 
1946 S P 128 0:20 





In the North-West Frontier Province, especially in the larger 
towns, enteric group of fevers was prevalent, and in Peshawar the 
death rate had nearly doubled. In Bengal, there was a marked increase 
of these diseases in urban and rural areas; in the Central Provinces there 
were 1,285 recorded deaths and the Public Health Commissioner reported 
that the incidence of the disease was considerably higher than mortality 
figures indicated. In Bombay, the epidemic of 1938 continued in a less 
severe form into 1939; in Madras Presidency these diseases were wide- 
spread and prevalent throughout the year. In Assam, enteric fever 
continued in all parts of the province with a sharp epidemic in one 
area. It is, therefore, evident that throughout the years of the war 
the Indian troops lived in the midst of civilian populations highly infect- 
ed with enteric group of fevers; and there is no doubt that the consider- 
able degree of immunity showed by them against such diseases was due 
to the high standard of protection conferred by TAB inoculation. 
Inoculation in the army was a voluntary procedure, but even in 1939 
nearly 100 per cent. of the men were fully protected as shown below: 


Per cent. protected 


British Officers bead cy m 97:4 
IORs .. ni ES = 98°6 
Followers = y ae 99-1 


Those classed as unprotected were newly joined recruits, men on long 
leave or those absent for some other cause when the inoculation was 
done, or in the case of officers those who through sheer forgetfulness 
failed to attend in time for inoculation. 


During 1940, the Army-in-India contained a large proportion 
of the Indian troops who were new recruits and who had not acquired 
satisfactory discipline in hygiene matters. Even then the admission 
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rate per 1,000 was 0:73 when compared with that of 0:55 in 1939, This 
rate was all the more satisfactory, considering that owing to the improv- 
ed methods of diagnosis, more cases of this group were detected. In 
1941, the admission rate declined to 0°61 per 1,000, and from 1942 
onwards it was in the neighbourhood of 0°5 per 1,000 or below; in fact 
the lowest rate recorded was 0°2 per 1,000 in 1946. In 1945, cases of 
enteric fever were reported at Dehra Dun during June, July and 
August; seven cases were admitted to hospital from the Indian Military 
Academy, seven from the 2nd Gurkha Regimental Centre and five from 
the 3rd Gurkha Regimental Centre. A civilian employed in the 
military dairy farm was also found suffering from the disease. He 
appeared to be a possible source of the outbreak although it was stated 
that all milk was boiled prior to consumption. No other common 
source of infection could be discovered. 


The actual number of admissions and deaths due to enteric group 


of fevers among Indian troops in the India Command is given m 
Table VI. 


Tame VI 


Actual number of admissions and deaths due to enteric group of fevers— 
VCOs & IORs—India Command—1939 to 1946. 











Admissions | Deaths 
ie |e AA PI es ree ere 

«| al & s| ajo 

simi a gg y| 

O O O O | ja © 

Year| 3| & | £ Al a | 2] A] A| a 

IE $| jg] |F Bi $ a El _ 
2 58138181 3 32 Jd £ £ 3 5 
EA | aia! OLB] É | A | A| À | O | E 
19391 27| 16; 1| .. 20 | 64/ 51 .. | Ol 7 
1940| 611 271 3| 1| 34/126) 7] ..| 1 1| 9 
1941! 701 37| ..| 1] 96] 204] 13| 3 10 | 26 
1942| 116 | 18| 3 96 | 233 | 34| 2 16 | 52 
1943| 182 | 24 | 1 129 | 336 33 | 11 11 ..| 29| 64 
1944| 222 | 19| 5| 11 |207 |464| 38; 1 4| 34| 77 
1945| 1301 21) ..| 2/|128/281 | 16| 2 14 | 32 
1946| 40 | 9 31 761128| 5| 1 2| 14| 22 





Eastern Front: During the period of the Burma Campaign, between 
November 1944 and May 1945, only nine cases occurred among the 
troops—two in IV Indian Corps, six in XXXIII Indian Corps and 
one in Army troops. Five of these cases were among the British troops, 
including an officer, and all these were found to be unprotected; four 
cases occurred among the Indian troops, and up-to-date inoculation 
histories were available only in two cases. 
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The incidence of the enteric group of fevers on the eastern front 
from 1941 to 1945 was as follows:— 


TABLE VII 
Incidence (actual number and rate per 1,000) of enteric group of fevers—All 


forces—Indo-Burma front, Burma and SEAC (excluding Ceylon)— 
1941 to 1945. 














Year Actual Rate per 
number 1,000 
1941 .. “a we 85 0°94 
1942... ss ss 184 0:95 
1943 .. ha T 298 0:44 
1944 .. Su nn 155 0:30 
1945 (January to September) .. 110 0-20 


Middle East: The incidence (actual number and rate per 1,000) 
of enteric group of fevers among all categories of troops in the MEF 
during 1945 is given in Table VIII. 


TABLE VIII 


Incidence (actual number and rate per 1,000) of enteric fever—All 
categories of troobs—MEF—1945. 








Commands Actual Rate per 

number 1,000 

Egypt .. P T 112 0:47 

Cyrenaica š» = 8 0:37 
Tripolitania ee ss “i ‘i 

Palestine ix T 64 0:89 

Ninth Army, Syria an 11 0:38 
Ninth Army, Cyprus T 5 T 

Sudan and Eritria .. ss 1 0:22 

Aden .. T ni 1 0:22 

Persia and Iraq .. Éi 20 0-29 

Total .. 217 0:48 





FACTORS IMPORTANT IN THE CAUSATION OF ENTERIC GROUP OF FEVERS IN 
MILITARY POPULATION 


In order of importance, the routes of infection for the enteric group 
of fevers are water, milk, ice-cream, carriers and flies. Of these, 
the most important factor in the case of military personnel was 
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that of the carrier, as the use of chlorinated water and boiled or tinned 
milk had practically eliminated the danger from these sources and 
ice-cream was consumed by a negligible fraction of the troops only. In 
India, swimming baths were responsible for some of the outbreaks. 
Nearly 2 to 5 per cent. of those attacked become convalescent carriers. 
Man is the reservoir of infection and in most cases the infection amongst 
the troops in India was ultimately traced to the civilian population. 
Sams (1944), discussing the medical problems in the Middle East, stated 
that typhoid fever and dysentery were very common infections respon- 
sible for the excessive infant mortality in that region. 


Although no cases traceable to the consumption of green salads 
can be cited in India during World War II, its danger was always 
recognised, In the case of British troops who often ate raw salad, advice 
was always given to avoid them as far as possible during typhoid epidemics, 
but if they were used at all they were well washed in clean 
running water and finally rinsed in weak solutions of potassium per- 
manganate. The danger inherent in the consumption of green salad 
is illustrated by the following example. An outbreak of paratyphoid 
B, involving 50 to 60 persons in three villages in Schwarzwald, described 
by Dold (1943), was ultimately traced to the consumption of green salad 
at a wedding feast. All those who ate the salad developed paratyphoid, 
the only individuals to escape being the musicians who did not partake 
of it. The salad had been made in a small zinc bath-tub, and it was 
found that thesoiled linen of the landlord’s child, who was suffering from 
paratyphoid had been deposited in this tub during the previous day. The 
child’s linen was quite dry and this suggested investigation in order to deter- 
mine the length of the time during which the various organisms of the 
typhoid-dysentery group could be viable in a fluid stool, and when 
dried on pieces of linen. Experiments with typhoid and paratyphoid 
bacilli were made with artificially infected faecal specimens, and those 
in respect of Gaertner’s bacillus and dysentery bacilli (Sonne and 
Flexner types) were made with specimens from actual cases. The 
tests were carried out at room temperatures in the dark. Endo’s 
medium was used for the subsequent isolation of the pathogen. The 
average survival time in days in a series of experiments was as follows :— 


Fluid stool Dried on linen 


Bact. typhosum .. T pi 4 98 
Bact. paratyphosum B a g 119 191 
Bact. enteritis .. sä =s 8 39 
Dysentery bacilli ei =e 14°5 30 


The above experiments suggest that the organisms survive longer when 
dried on linen so that soiled washing is to be regarded as potentially 
dangerous over a longer period, 


Under ordinary conditions, Bact. paratyphesum possesses low irri- 
tant properties but at times gastro-enterilis may be produced as aresult of 
the cumulative effect. An example of this type was the outbreak of 
paratyphoid fever amongst the personnel aboard a German cruiser 
described by Lohde (1943). On the first day, 73 men were affected 
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with gastro-enteritis; 60 men on the second day and 35 men on the third 
day were affected. In all, there were 194 men with these symptoms; 
and 34 of them after a quiescent period developed paratyphoid B. The 
first cases of fever of continued type appeared on the tenth day after the 
outbreak of gastro-enteritis, the peak being observed about five days 
later. The source of infection could not be definitely established 
though it was almost certain that it was some article of food. 


Carriers: As already pointed out, the most important source of 
infection in the enteric group of fevers is the healthy carrier. After 
recovery from an attack of enteric fever, it is common for the organisms 
to persist in urine or in faeces or in both for varying periods from weeks 
to months. Some cases even remain carriers for the rest of their lives; 
and several instances are on record of food handlers who were persistent 
carriers and who spread a trail of enteric fever in their wake. In the 
army a careful watch was kept over the patient after the attack of the 
disease was over. Repeated urinary and faecal examinations were made 
and the patient was not returned to duty in most cases until he ceased 
to be a carrier. Among the civil population in India, conditions were 
naturally different and unsuspected healthy carriers existed and roamed 
about in large numbers. 


In view of the intermittency of excretion of these organisms, it is 
not always easy to detect a carrier. Unless repeated bacteriological 
examinations are made, the chances of detecting more than a small 
proportion of carriers are remote. The application of the Vi agglutina- 
tion test can be of considerable help in the detection of chronic carriers. 
It has been found that about 90 per cent. of chronic carriers of typhoid 
bacilli had Vi-agglutinins in their blood serum. In searching for 
a chronic carrier believed to be responsible for an outbreak of typhoid 
fever, it has been, therefore, found advisable to examine the serum of 
all suspected persons for Vi-agglutinins before undertaking routine cultiva- 
tion of faeces and urine. The practical value of this test is enhanced 
by the fact that it is independent of the intermittency of excretion. The 
test is also of service in indicating whether a given typhoid 
convalescent patient is likely to become a chronic carrier. If the titre 
of Vi-agglutinin remains steady or rises during the six weeks following 
the patient’s discharge from hospital, the possibility of his becom- 
ing a chronic carrier has to be envisaged; if, on the other hand, 
Vi-agglutinins are absent or fall in titre during this period, it is usually 
safe to predict that the patient has ceased to excrete typhoid bacilli or 
will very soon cease to do so. Faecal carriers are more frequently 
detected than the urinary carrier, but the latter is more dangerous 
owing to the greater possibility of his hands becoming contaminated. 
oe risk is greater if the individual happens to be a waiter, bearer or 
cook, 


_ During the investigations of enteric fever outbreaks, search for 
carriers and missed cases was made not only within the unit, particularly 
among the cooks, mess waiters, etc., but also outside the unit in restau- 
rants and ice-cream and tea-vendors. The existence of carriers of enteric 
fevers in the midst of the Army-in-India is apt to be forgotten owing 
to the excellent state of protection prevailing in the military population. 
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That such a view can be fraught with danger is illustrated by the discovery 
during the course of a routine examination of carrier in the RAF mess at 


Risalpur in 1939. The Widal test in respect of the head-cook of the 
mess gave the following results :— 


TO 240 
AO Nil 
Vi Nil 
RV Nil 


But this was one example out of the many which could be cited. 


Research work undertaken by Felix during the war led to the 
finding of Vi-antigens in the paratyphoid B bacillus. It also resulted 
in the development of a series of bacteriophages, acting on the Vi-antigen 
by which a sub-division into types, similar to the Vi-phage types of the 
typhoid bacillus, could be effected. An interesting application of the 
Vi-phage method of typing was its use by workers at the Cardiff labora- 
tory for revealing the origin of contamination of water or sewage with 
typhoid or paratyphoid bacilli. In one case, for example, it proved 
possible to trace back the source of typhoid infection in a boy, who 
drank water from a polluted stream, via water, sewage effluent, crude 


sewage, and faecal specimens to unsuspected typhoid carriers in a large 
institution, 


The treatment of carriers of enteric group of fevers has been a 
difficult problem. Gunn (1943) tried biliselectan (iodophenolphthalein) 
by oral methods for the treatment of gall-bladder carriers but found it 
ineffective. No drug seems to have any effect on purely intestinal 
carriers; urinary carriers were at times treated with hexamine or mandelic 
acid and calcium. He considered that two negative cultures on special 
media, such as Wilson and Blair’s, were sufficient to permit the release 
of the patient. Discussing the treatment of typhoid fever in the services, 
he expressed the opinion that anti-typhoid inoculation either protects 
completely or so modifies the infection that treatment is simplified and 
risk to life virtually eliminated. 


PREVENTIVE MEASURES 


Man appears to possess little natural immunity against the invasion 
by the organisms of the enteric group of fevers, but a very marked im- 
munity develops following an attack of the disease, and a second attack 
by the same immunological sub-division of the enteric group of bacteria 
is extremely rare. The sheet-anchor in the prevention of enteric group of 
fevers has been the prophylactic inoculation with TAB vaccine. Its 
value has been amply demonstrated not only in previous wars but in 
World War II also. 


The protective value of the vaccine of this group of diseases among 
the protected and unprotected categories of Indian troops from 1939 
to 1941 is given in Table IX. It should be remembered that the bulk 
of the Indian troops came from areas and populations where enteric fever 
was common and the number of carriers considerable. The military 
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cantonments were surrounded by such populations, and the risk for acqui- 
ring infection was great. 


TABLE IX 


Comparison of incidence (rate per 1,000) in the protected and unprotected Indian 
troops by TAB inoculation—1939 to 1941. 




















Protected by TAB Not protected by TAB 
inoculation inoculation 
Year a € _  _—___—_JJJxx— _J—« EOI 
Admission Death rate | Admission Death rate 
per 1,000 per 1,000 [rate per 1,000! per 1,000 
1939 .. ai 0:4 0:04 9-1 1:13 
1940 .. 4 0-4 0-04 9-7 0-21 
1941 .. O'i 0:01 1°4 0°13 





It was rather remarkable that out of the very large number of protected 
men at risk in 1939 only four in 10,000 acquired the infection, whereas 
out of the small unprotected group nearly one in every 100 went down 
with infection. The reduction in the deathrate onaccount of these diseases 
in 1940 was entirely due to the efficient protection conferred by the TAB 
vaccine. The improvement in water supplies which played some part 
in the reduction of these diseases among the British troops had less effect 
in the case of Indian troops, as the latter, in general, were not so careful 
about the source of their drinking water as the British soldiers. Sub- 
sequent years disclosed an equally satisfactory state of affairs in respect 
of the protection afforded by TAB vaccine. 


A very high state of protective inoculation was always maintained 
in the Army-in-India, The occurrence of even a single case in any unit 
was the signal for the immediate scrutiny into the inoculation state of that 
unit; and all those whose state of protection was in any doubt were 
immediately given 1/2 cc. of TAB vaccine. Speed was all important, 
and all necessary inoculations were completed within 24 hours of the 
occurrence of the first case. It was, of course, realised that inoculation 
could not prevent the appearance of disease in cases which were already 
in the stage of incubation, but it was felt that such inoculation did 
them no harm. Furthermore, the experience was that inoculation 
cut short the course of the outbreak remarkably well, and it was best 
to ignore the theoretical consideration of the negative phase which 
was of no practical importance. The aim was always to bring the inocu- 
lation state of the unit to 100 per cent., and experience proved that when 


such satisfactory state was reached the fear for the outbreak of an epide- 
mic was remote 


Prophylactic, inoculation with TAB had been more or less univer- 
sally brought into force prior to World War I, during which only 31,011 
cases of enteric fever had occurred amongst the approximately six 
million Indian, British and Dominion troops, engaged in the various 
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theatres of operation. The incidence worked out to approximately 5 
per 1,000. The ineidence of this group of fevers during the post-war 
period of 1919-1933, remained between 3 to 4 per 1,000. At about that 
time, however, the quality of the TAB vaccine which uptil then had been 
prepared from the old classical strains of bacilli, was further improved 
by ensuring that only virulent organisms, which had satisfied certain 
tests, were employed in its preparation. Since the introduction of this 


more potent vaccine, a further decline in the incidence of enteric fever 
has taken place. 


The method of preparation of the standard army vaccine had 
remained essentially the same since October 1933, when the employ- 
ment of mouse-passage organisms was first introduced. Modifications 
and improvements were later made in the process, but these were concern- 
ed more with ensuring the efficacy of the strains of organisms employed 
in making the vaccine rather than any material change in the process 
itself. ‘The mouse-passage was at a later stage carried out at monthly 
intervals, and not as a routine in the preparation of each batch of the 
vaccine, as was formerly the case. The rejuvenated Rawlings or Raw- 
lings—Ben strain of Bact. typhosum was still employed inasmuch as 
it was found to remain remarkably stable in regard to its 0 and Vi- 
antigen content. So long as it was maintained on the egg-medium, 
frequent animal passages were found unnecessary. In fact, the condition 
of this strain was exactly the same as first rejuvenated in 1933, and as 
noted by Bensted in 1937. In choosing the strains of paratyphoid 
organisms the criterion was their relative O-inagglutinability as live 
suspensions. 


The main criticism of the vaccine used at the time was that after 
taking the greatest care to select suitable strains for its preparation, parti- 
cularly in regard to Vi-antigen content, a method of killing and preserving 
the vaccine by phenol was employed, which adversely affected its Vi- 
antigen content. The answer to this criticism was that until carly in 
the year 1941, no more satisfactory antiseptic than phenol was available 
either for ‘killing’ the vaccine or its subsequent preservation. Formalin 
possessed no advantage, as it was shown by Felix and Bhatnagar ( 1935) 
that the Vi-antibody produced in response to formolised antigen was 
functionally deficient, i.e., that although the presence of Vi-antibody 
could be demonstrated, it was lacking in protective effect. Secondly, 
the results following the introduction of mouse-passaged viruient strains 
of the TAB vaccine, as made so far, had been so satisfactory that no 
change was contemplated then, at any rate. 


Felix (1941) introduced a new type of typhoid and paratyphoid 
vaccine in which the Vi-antigen essential to immunising Capacity was 
preserved. The current method of killing the organisms by heat and 
protecting the vaccine from contamination by the addition of 0:5 per 
cent. phenol led to a considerable destruction of the Vi-antigen. 
He found that if the organisms were killed and preserved from 
contamination with 25 per cent. alcohol, a large proportion of the 
Vi-antigen remained intact. Observations in other laboratories showed 
that the disinfectant action of 25 per cent. alcohol on a variety of 
organisms was slightly greater than that of 0'5 per cent. phenol, thus 


556 PREVENTIVE MEDICINE 


disposing of the criticism that the alcoholised vaccine was unsafe for 
use. After field trials had been carried out on the degree of reaction 
and antibody response, the new alcoholised vaccine was substituted for 
the phenolised vaccine in the army, the RAF and civilian population 
in the United Kingdom. - 


The account given by Boyd (1943) of the occurrence of enteric 
fever in the Allied and Axis troops, during the North African Campaign, 
provides striking evidence of the efficacy of the British Army type of 
typhoid-paratyphoid vaccine. Enteric cases were prevalent among 
the Axis troops, and an outbreak, which flared up in Libya in 1941 amongst 
Italian prisoners, already inoculated with an Italian vaccine, could not 
be controlled by re-inoculation with captured vaccine of the same type. 
When the British Army vaccine became available, the epidemic waned, 
though it may be admitted that other factors may have contributed 
to some extent to the decreased incidence. Many of the Italian prisoners 
taken after the battle of El Alamein in November 1942 were ill, or shortly 
fell ill, with enteric diseases. The two routine inoculations of the 
British TAB vaccine were given to all prisoners, and, in the course of a 
few weeks, necessary for the inoculations to become effective, the incidence 
fell and was maintained at a low level. 


This prevalence of enteric fever in the Axis troops was in contrast 
to the experience of Allied prisoners, mainly British, in Axis camp at 
Benghazi. The number of prisoners varied from 12,000 to 24,000, 
the sanitary arrangements were primitive and water very scarce, The 
period included the months when enteric fever was likely to be prevalent, 
and the high incidence of dysentery indicated that conditions were 
favourable for the spread of intestinal diseases. Further, enteric fever 
was Occurring among Italian troops in the vicinity. In spite of this, 
no case of enteric fever was recognised among the prisoners during June 
to October 1942, It is difficult to find any explanation for this 
experience other than immunity conferred on the Allied troops by 
the British TAB vaccine. The Italian vaccine was evidently prepared 
for the non-virulent strain. 


; The practice in the Indian Army was to give TAB inoculation 
in two doses; the first dose was 0-5 cc. followed in ten days by the second 
dose of l cc. After that, yearly doses of 0-5 cc. were given to maintain 
Immunity. The vaccine used in India was prepared at the Central 
Research Institute, Kasauli., It was a heat-killed and phenol-preserved 
vaccine containing Bact. typhosum, Bact. paratyphosum A. and Bact. paraty- 
phosum B. It had given satisfactory results over a long period of 
years. Although the efficacy of alcoholised vaccine was admitted, it 


was considered undesirable to change the process of manufacture in 
the midst of war, 


The practice of giving 0:5 cc. of the TAB vaccine for the main- 
tenance of immunity among the inoculated persons was introduced in 
the later half of 1938. Consideration of the periods after inoculation 


ro pines infection occurred had shown the following results from 1935 


ENTERIC GROUP OF FEVERS 557 























Tame X 
Enteric fevers—Periods after inoculation at which infection occurred—1935 to 1938. 
Total enteric group | Typhoid cases bacteriolo- 
y of fevers (Percentage) |¡giéally proven (Percentage) 
ear A E IA A IA A ete 
0-6 6-12 | 12-18 | 0-6 6-12 | 12-18 
months | months | months ¡ months | months | months 
1935.. .. | 300 | 43-6 | 26-6 | 21-7 | 43-4 | 347 
1936 32:3 40:0 27°7 15:4 30:8 53:8 
1937 29:6 40:7 29:6 2% 50°0 50:0 
1938 29 J 59:5 10°8 6'7 73°3 20-9 





From the relation of the period after inoculation to the occurrence of 
cases, shown by the above figures for bacteriologically proven cases, it 
became obvious that although improvement was being obtained in the 
earlier months, the period after six months to twelve months was showing 
an increase in the percentage of incidence (except for 1936). It was, 
therefore, decided to make a change in the procedure and extent of the 
TAB inoculation and this decision, as pointed out already, was carried 
out in 1938. The method then adopted was to retain the double 
dose, 0°5 cc. and 1 cc. given at ten days interval, for all primary 
inoculations; but all subsequent inoculations were to consist of one dose 
of 0°5 cc. TAB at 12 monthly intervals. 


With the reduction of the dosage of TAB vaccine to the yearly 
0-5 cc., the question arose whether the amount of paratyphoid A vaccine 
was then sufficient to give immunity. A close waich was kept month 
by month on the incidence of paratyphoid A fever during 1939 and 
no tendency to rise was discovered. 


The decline noticed in India in the incidence of enteric group 
of fevers during the war was mainly due to the production and use of an 
efficient vaccine and to the attainment of 100 per cent. moculation state. 
Although the rates for 1939 and 1940 showed slight regression, such 
occasional regressions, due to small localised outbreaks, must be 
expected so long as the civilian reservoir of infection for this group 
of fevers remains plentiful. In 1942, when the Japanese were almost 
at the gates of India, unacclimatised British troops were arriving in 
India, practically daily, and intensive training was going on in camps 
situated in the midst of civil population among whom the disease was 
rife and arrangements for water supplies were stretched to breaking 
point. That only 16 British soldiers out of every 19,000 contracted 
a fever of the enteric group is considered to be a remarkable testimony 
to the efficacy of preventive inoculation with TAB. Of even greater 
significance was the fact that in the Eastern Army, where active opera- 
tions were taking place under the most adverse climatic conditions 
and when hordes of civilian refugees from Burma were streaming through 
Assam and Bengal, the incidence of this group of fevers was only 1:9 
per 1,000. It may be added that the greatly improved methods of 
investigation of fevers of uncertain origin, particularly by early blood 


558 PREVENTIVE MEDICINE 


culture, the diagnosis of enteric fever was much more accurate than 
previously, 

Long (1944) described the immunising procedures employed in 
the American troops. Inoculation against typhoid and paratyphoid 
‘fevers was done as a matter of routine. ‘The vaccine used since 1936 
provided protection against typhoid fever only, and was prepared from 
the smooth, virulent, Panama 58 strain of Bact. typhosum, but at the 
beginning of World War II Bact. paratyphosum A and Bact. paratyphosum B 
were added to it. It contained 1,000 millions of typhoid bacilli and 250 
millions of each of the paratyphoid bacilli in 1 cc. The initial vacci- 
nation consisted of three subcutaneous injections at intervals of seven 
to ten days; the first dose was 0:5 cc. and the second and third doses 
of 1 cc. each. A dose of 0°5 cc. was also given each year to 
maintain immunity. 

Although TAB inoculation has conferred inestimable benefit on 
mankind, particularly on those called upon to fight in battle, it must 
be borne in mind that protection afforded by preventive inoculation 
is of no avail against heavy doses of infection; and for this reason the 
necessity for the observance of the rules of hygiene remains as imperative 
as ever. Jordan .and Jones (1945) gave an account of the clinical 
features of typhoid fever in 44 soldiers during the course of an epidemic 
which occurred in one unit of the British Liberation Army in the autumn 
of 1944. The main interest lay in the occurrence of the outbreak in a 
well inoculated community as all the men had three or more yearly 
inoculations of TAB vaccine, and the vaccines used belonged to different 
batches. The outbreak, the source of which was not determined, was 
confined to one mess of 239 men. During a period of four weeks, 79 
men and one nursing officer tending them developed typhoid fever. 
No ambulant cases were found and there were nine” deaths (11 per cent. 
of the attacked). It would appear that the immunity of these men 
was overwhelmed by a heavy infection, as all the cases, with one excep- 
tion, were severe. The 44 cases referred to above were admitted to a 
military hospital. Certain departures from the ‘classical’ course 
of the disease were noted; the rapid onset of the symptoms in 33 patients, 
the more rapid pulse rate (average 92 during the first seven days), 
profuse sweats in six cases, the late appearance of rose-spots (average 
15 days) and the occurrence of marked systematised delusions. The 
causative organism, Bact. typhosum of phage-type El, was isolated from 
the blood in 32 cases, from the stools in nine and from the bone-marrow 
in two. The Widal test was not found to be of diagnostic value in this 
inoculated group. 
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CHAPTER XXIV 
Infective Hepatitis 


_ Outbreaks of jaundice among service personnel became so frequent 
during the early parts of World War 11 that they constituted a serious 
drain on manpower. At that time, a number of different forms of 
jaundice which produced similar clinical and morbid anatomical 
appearances were recognised. In the United Kingdom, it was observed 
that the types of jaundice met with were, sporadic catarrhal jaundice 
and epidemic jaundice as noticed in the population of the country 
remaining at home; epidemic jaundice among the personnel overseas: 
post-vaccinal jaundice; homologous serum jaundice; and post-arsenical 
jaundice (MRC, 1939-45). 

In January 1943, the MRC of the United Kingdom decided upon 
the formation of the jaundice committee and the jaundice research 
team in order to elucidate the various points involved in the causation 
and spread of jaundice. As a result of their work as well as of others, 
infective hepatitis came to be recognised as a separate disease entity 
and it was established that sporadic catarrhal jaundice and epidemic 
jaundice were identical and constituted infective hepatitis. The post- 
vaccinal jaundice, homologous serum jaundice and post-arsenical 
jaundice were also regarded as identical and constituted the disease 
- known as homologous serum jaundice. 


Both these diseases are due to a virus, but there are clinical 
differences between them, and there is reason to believe that the two 
viruses are distinct, though probably related, on the analogy of influenza 
viruses A and B. 

Homologous serum jaundice is not an infectious disease and is 
transmitted from one human being to another by inoculation, through 
the skin, of icterogenic serums or plasma or of material containing 
such serum or plasma of human origin. The jaundice amongst patients 
under treatment for syphilis has in recent years been shown to be due 
mainly to syringe-transmission owing to the faulty technique employed 
in the large-scale administration of anti-syphilitic remedies. The 
incubation period of naturally occurring infective hepatitis 1s 20 to 30 
days, while serum hepatitis takes 60 to 90 days to develop. 


Experiments with human volunteers have demonstrated that 
the infection can be transmitted by oral administration of unfiltered 
faeces or seitz filtrates of faeces, urine or serum from patients suffering 
from the disease, but not from nasopharyngeal or throat washings. On 
the other hand, homologous serum jaundice has been transmitted only 
by injection of the serum, or by intranasal inoculation of nasopharyngeal 
washings from infected individuals. The ingestion of faeces from such 
patients failed to produce hepatitis. 


The establishment of the aetiology of homologous scrum jaundice 
was not easy owing to its long incubation period and its successful achieve- 
ment was an outstanding event during the war. It contributed not only 
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indirectly to the proper knowledge about infective hepatitis, but also 
provided a basis for the reduction of sickness consequent upon the use of 
prophylactic vaccines and therapeutic sera. 


It has also been established, that the transference of whole blood 
is accompanied by little risk of homologous serum jaundice and that the 
elimination of infective agent from human serum or plasma for therapeutic 
purpose is more difficult. However, as relatively few sera contain 
icterogenic material or virus, the risk can be reduced by the avoidance 
of large-scale pooling. This argument was supported by the extreme 
rarity of jaundice following transfusion of the whole blood where pooling 
was not practised. During 1942, concrete evidence of the occurrence of 
post-transfusion jaundice became available when out of a series of patients 
who had received serum for transfusion in the United Kingdom several 
developed jaundice some 50 to 60 days later (MRC, 1939-45). About 
the same time, additional evidence of its occurrence came when another 
series of cases transfused with bottles of serum from the same batch also 
developed jaundice. At that time, it was customary to pool the serum 
and plasma from the blood of 500 to 1,000 donors in order to minimise 
the loss due to filtration; and it was thus possible for a single donor to 
infect a large number of bottles. A follow-up of the cases transfused 
with plasma or serum in a selected area in the United Kingdom showed 
that jaundice occurred in 7 to 10 per cent. of the cases. In another 
area, almost identical results were obtained. On the other hand, a 
follow-up of 1,000 cases receiving only whole blood (3,800 bottles) show- 
ed that the incidence was less than 1 per cent., thereby suggesting that 
the donors responsible for jaundice must be relatively uncommon. This 
view received further support from the work in which samples of fresh 
serum from ten different donors were injected into an equal number of 
recipients, without the occurrence of jaundice. 


Infective hepatitis or epidemic catarrhal jaundice, also alluded 
to in military medicine as the jaundice of campaigns, is a disease of world- 
wide distribution. It has been prevalent in war-time, and outbreaks 
were reported during the American Civil War (22,000 cases), Franco- 
Prussian War (800 cases) and South African War (5,500 cases). Since 
the discovery of Leptospira ictero-haemorrhagiae in 1914 by Inada and his 
colleagues (as quoted by van Rooyen and Gordon, 1942), infective 
hepatitis or the so-called catarrhal jaundice has been recognised as a 
clinical and pathological entity, separate from spirochaetal jaundice. 
Both the diseases were encountered during World War I and were extensi- 
vely studied by many observers. Spirochaetal jaundice was prevalent 
in French, German and British armies of the western front and a lesser 
number of cases were reported from Gallipoli. Epidemic catarrhal 
jaundice, on the other hand, presented a different distribution. 
In France and Flanders, cases occurred singly or in groups, whereas in 
the eastern theatres of war, notably in Alexandria (July 1915), Gallipoli, 
Salonika and Mesopotamia, it appeared in epidemic form. The coinci- 
dent prevalence of intestinal diseases, especially in Gallipoli and 
Macedonia, led to the belief that jaundice was caused by ascending 
catarrh of the bile-passages, and many were labelled as catarrhal jaundice; 
but in fatal cases the liver sometimes showed a focal necrosis, pointing to 
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systemic infection and never involving the bile-passages. In fact, 
it has now been established that jaundice is due to hepatitis and not 
due to duodenal catarrh or obstruction of the common bile-duct by 
mucus. During 1915-16, specimens of blood, urine and liver biopsy 
tissue were examined bacteriologically by Captain (later Professor) 
T. J. Mackie, RAMC (as quoted by van Rooyen and Gordon, 1942), 


but no specific organisms could be isolated and the aetiology of epidemic 
jaundice remained obscure. 


INFECTIVE HEPATITIS AMONGST THE TROOPS IN EUROPE AND MIDDLE EAST 


The disease appeared in the British Expeditionary Force in 1939, 
but it was later on noticed among the troops in the United Kingdom, 
the United States, Northern Ireland, West Africa, Malta, Iceland and 
especially the Middle East. Its incidence in the Axis occupied territories 
of Europe was thought to be considerable. Among the British troops in 
the Mediterranean area, there were 4,000 cases of jaundice in 1941-42 
and 12,000 in 1942-43 (MRC, 1939-45). A large-scale outbreak also 
occurred among the American troops arriving in Northern Ireland in 
1942, This particular outbreak was, however, shown to be due to the 
inoculation of troops with yellow fever vaccine containing the virus. 
In the Allied forces in the Middle East the disease occurred at times in 
epidemic proportions. The ‘peak incidence was generally observed 
in autumn or early winter. van Rooyen and Gordon (1942) 
tried to elucidate the nature of disease in the Middle East by all 
available methods. No specific bacterium or virus entity in the blood, 
bile and stomach washings from cases of infective hepatitis could be found. 


Despite determined efforts, they could not discover a susceptible 
experimental animal. Infective hepatitis, as observed in the Middle 
East, was essentially a benign illness with or without jaundice. In 
cases showing jaundice, there were no indications of obstruction or 
catarrh of the bile-passages, and they considered that the associated 
jaundice was toxic in character and primarily due to damage of the liver 
parenchymal cell. 


A study of infective hepatitis by Gowen (1945) among 400 military 
personnel in Tunisia from September 1943 to January 1944 showed 
that the maximum incidence was in the months of October and November. 
It was suggested that the portal of entry was the gastro-intestinal 
tract. In 18 per cent. of the cases, diarrhoea was associated with the 
onset of illness. Analysis of 600 cases of epidemic hepatitis in a German 
military hospital on the eastern front by Jocobi, Kreyenberg and 
Dorschel (1943) between December 1941 and November 1942 also 
showed that the peak of incidence occurred in autumn, and that 
56 per cent. of the cases occurred under the age of 25 years, 41-2 per cent. 
between 25 and 35 years and only 2'8 per cent. above the age of 
35 years. 


INFECTIVE HEPATITIS IN THE EASTERN THEATRE 


The basis of knowledge in respect of disease incidence for the troops 
in India or those based on India was AFA 31 and AFA 31-A. Amongst 
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the various diseases mentioned in these forms, infective hepatitis did not 
find a place for some years and such terms as non-amocbic hepatitis and 
jaundice were in use. It is most likely, therefore, that infective hepatitis 
must have been classified under these conditions depending upon the 
judgement of individual medical officers. It must be stated at the outset 
that no reliable information about the overall picture of the incidence 
of infective hepatitis during the last war 1s available. However, the 
figures given in respect of the units or formations are correct as they 
relate to those cases only which were specifically labelled as infective 


hepatitis, 


In India, Ceylon and Burma, the disease was sufficiently prevalent 
to constitute one of the common reasons for admission to military hospi- 
tals. The main features of the disease were identical with those 
reported in the other theatres of war. The only difference noted was 
that amongst the non-European troops it was marked by a low attack 
rate but caused higher mortality. Malnutrition plays a definite role 
in determining the higher mortality from infective hepatitis among the 
Indians. Wahi (1951) found an overall mortality of 22°7 per cent. in 
the Indian civilians. 


The incidence of infective hepatitis was five times greater in the 
British than in the Indian troops. The African troops also showed a 
high rate. In the 8lst West African Division, fighting in the Kaladan 
Valley, 470 cases of infective hepatitis occurred in three months from 
October to December 1944, and constituted the highest single cause for 
admission to hospitals. Inthe 3rd Indian Division (Special Force), 
consisting of long range penetration groups, 220 cases or 4 per cent. of 
the total evacuation from Burma on account of sickness were due to infec- 
tive hepatitis, The incidence was mainly confined to the 111th Indian 
Infantry Brigade which was responsible for 145 cases. Although the 
mode of transmission was then a matter of conjecture yet the medical 
authorities of the force were of the opinion that the disease was spread by 
droplet infection. It was considered that the possibility of transmission 
by foodstuffs and cooks was excluded by the manner in which each soldier 
was supplied with individual rations, the absence of the communal use 
of mess tins and the impossibility of preparing meals collectively. 
The outbreak had commenced with a few isolated cases, the incidence 
gradually increasing until the average weekly number of evacuations 
during the last month of the campaign reached 50. The admission rates 
per 1,000 for infective hepatitis for the various categories of personnel 
in the 3rd Indian Division are given in Table I. 

_In the Burma Campaign, 629 cases of infective hepatitis were recor- 
ded in the Fourteenth Army from November 1944 to May 1945. Their 
distribution is shown in Table II. Tables III and IV, based on the 
report of Lieutenant-Colonel J. F. Stokes, RAMC, show the incidence 
of infective hepatitis amongst the Indian, British and African troops 
in Burma. It will be seen from these that while the Indian 


and the British rates showed a tendency to fall during this period, 
the African rates remained steadx. 
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Incidence (actual number and rate per 1,000) of infective hepatitis—3rd Indian 








Division. 
Categories of troops Actual Rate per 

number 1,000 
Officers iy $ 10 9°5 
BORs 7 as 139 12-9 
Gurkha Other Ranks jg 55 15-9 
West African Other Ranks.. 16 5:9 
Total .. | 220 | 12:2 

Taste II 


Incidence (actual number and rate per 1,000) of infective hepatitis—Fourteenth 
Army— November 1944 to May 1945. 





Formations Actual Rate per 
number 1,000 
" IV Corps i 4-55 
XXXII Corps à 3-24 
Army troops i 0:78 
5th Indian Division de 51 4-03 
11th East African Division | 25 1-13 
36th British Division si 12 0:74 
19th Indian Division ` | 11 0:59 





MORTALITY FROM INFECTIVE HEPATITIS IN A SEVERE OUTBREAK IN BURMA 


A careful study of 34 cases was made by Stokes and Miller (1947) 
during an outbreak of unusually severe infective hepatitis in South Burma 
occurring between 1 July 1945 and 30 June 1946. The fatality rate 
was 2 per cent. which was significantly higher than that noted among 
the Indian and British troops in Mesopotamia during World War 1 
when it was 0'4 per cent. The mortality rate among the American 
troops was 0-2 per cent. Oram (1945) found the mortality rate as high 
as 3-0 per cent. among the Nigerian troops in North Nigeria. The 
majority of these 34 persons had acquired the infection in Rangoon. 
There was no history of malnutrition, and leptospirosis was 
excluded. It was considered that the unusually severe form of disease 
met with was due to a local strain of virus which had acquired an 
enhanced virulence, It was also the view of some medical officers that 
fatal termination of the disease was more common in those who lacked 
the protective effect of high animal protein intake, 
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INFECTIVE HEPATITIS IN CEYLON 


Infective hepatitis occurs in Ceylon in sporadic form and is generally 
regarded as a mild disease. During 1943 and 1944, a slight increase was 
noticed among the Ceylonese troops and Jayawardene (1945) who 
made an analysis of 100 cases could get no history of large outbreaks 
in any units using common water supply. Officers formed only 6 per 
cent. of the cases—a very low incidence compared with that of other ranks 
and that reported for British officers in the Middle East. Kalra (1947) 
described an outbreak of infective hepatitis which occurred in an Indian 
labour unit in Ceylon due to the use of polluted water supply during 
the last quarter of 1943, The unit was stationed in a forest about 12 
miles from Trincomalee and there were two other small units nearby. 
In all, 451 cases were noticed among nearly 1,200 persons at risk. The 
cases occurred in the first week of October 1943. ‘The first wave which 
lasted from 28 October to 4 November 1943 was responsible for 40 
cases or 9 per cent. of the total. In the second wave, which lasted from 
11 November to 20 December 1943, 69 cases (or 15 per cent. of the total) 
occurred. The third wave commenced six days after the second one 
and during the interval no case was reported. In this wave, 325 cases, 
or 72 per cent. of the total, were notified. It was observed further that 
62 per cent. of the cases had occurred during the course of one fortnight. 
The sanitation of the camp was poor, flies were abundant and the drink- 
ing water which was not properly chlorinated was derived from a 
nearby stream which was used by the personnel for ablution purposes. 
The men were living in a crowded state in tents and were subjected to 
hard physical labour and long hours of exposure to the sun. This 
outbreak was suggestive of excremental mode of infection although 
the possibility of droplet infection could not be ruled out. 


INFECTIVE HEPATITIS IN THE INDIA COMMAND 


During peace-time, the incidence of infective hepatitis in the India 
Command was low, but during the years of the war, it rose owing to the 
movement of troops in endemic areas. In the year 1942, an outbreak 
involving some 200 personnel of the then Burma Army in India occurred 
at Hoshiarpur. Seward (1943) estimated that there were 200 to 300 
cases of infective hepatitis in a BGH in Calcutta from October 1942 to 
February 1943, Another BGH in Poona treated 1,000 cases of infective 
hepatitis in one year. The incidence rate per 1,000 for infective hepatitis 
in respect of the Army-in-India during 1938 to 1945 is given in Table V. 


TABLE V 


Incidence (rate per 1,000) of infective hepatitis—VCOs & IORs and BORs— 
India Command—1938 to 1945, 


PP e a. i ar 
e a e 





Troops 1938 | 1939 | 1940 | 194} | 1942 | 1943 | 1944 | 1945 
VCOs & IORs 0:6] 05] 0:1| 0:3| O39} 1- 

s QO! 62; 7:6 

BORs .. 0-7; 11] 0'4| 0:5| 3-8] 18-5 | 29-6] 20-9 
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The British troops suffered more than the Indian and the British 
officers more than the BORs, In fact the incidence in the former was 
three to four times higher than in the latter. The lower incidence 
of infective hepatitis amongst the Indian was probably due to immunity 
acquired in early life as jaundice occurs frequently among the Indian 
juveniles but is often ignored. It was also observed that the British 
officers showed a higher incidence of this disease from July to October than 
at other times. No figures are available in respect of the incidence of 
the disease of flying personnel in India, although it was observed else- 
where that they showed a higher rate as compared to ground staff. 


The incidence of infective hepatitis amongst VCOs & IORs 
and BORs during the first seven months of 1944 is shown in Table VI. 


Taste VI 


Incidence (actual number and rate per 1,000) of infective hepatitis—VCOs SY 
LORs and BORs— India Command— January 1944 to July 1944. 


























VCOs & IORs | BORs 
Month Admission | Admission 

Strength | Actual ¡Rate perStrength Actual | Rate per 
| number | 1,000 | | Humber 1,000 
January 1944... 851,552 | 66 | 0:08 | 159,417 339 2-13 
February 1944 .. | 846,191 | 177 0-21 | 122,879; 174 1:42 
March 1944 .. |875,465 | 190 0-22 | 125,857 | 191 1°52 
April 194 .. | 863,003 | 340 0:39 | 111,681; 195 1:75 
May 1944 .. | 819,773 | 388 0:47 [107,077 | 195 1-82 
June 1944 .. | 860,250; 326 | 0:38 |113,814| 238 | 2°09 
July 1944 .. senate 335 | 0-40 ads 268 2:24 





METHOD OF CLASSIFICATION OF INFECTIVE HEPATITIS ADOPTED IN INDIA 
COMMAND 


During the year 1939, jaundice was noted in many places, but 
nearly all the cases which gave history of chill, exposure and dietetic 
indiscretion were labelled as jaundice of the simple catarrhai type. In 
March 1943, the DMS in India had issued instructions to all hospitals 
rendering AFA-31 (monthly return of sick) that all cases of infective 
hepatitis were to be shown under the heading hepatitis (other than 
amoebic). Some hospitals used the term infective jaundice in describing 
the same disease and this not only led to lack of uniformity in classification 
but also presented an inaccurate picture of the disease. Although a 
very great majority of the cases shown as hepatitis other than amoebic 
were in fact cases of infective hepatitis, yet it was obvious that the 
system of classification adopted was not strictly accurate and so on 1 
June 1944, it was decided to adopt the MRC classification of catarrhal 
jaundice (infective hepatitis). 
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THE STATE OF KNOWLEDGE ABOUT INFECTIVE HEPATITIS FROM THE EARLY 
YEARS OF WAR UP TO THE YEAR 1943 


When the war broke out, the state of knowledge about infective 
hepatitis was unsatisfactory. Requests were often made by medical 
officers and others to the Bureau of Hygiene and Tropical Diseases in 
London for information regarding the aetiology, epidemiology and 
clinical course of the disease. In view of the importance of the subject 
during the war, a resume was published in the Bull. Hyg., Lond. (1943) 
which is reproduced here. 


‘ The causative agent has not yet been identified, but the general opinion 
is that it is a virus. In spite of many attempts to infect animals 
with blood, bile, stomach washings and duodenal contents, none 
of the many animals tried has been found susceptible beyond doubt, 
though it is claimed in Denmark that the disease has been transmitted 
from man to pig and thence from pig to pig. This work has not 
been confirmed. Duodenal juice, blood and urine from patients 
with infectious jaundice have been proved infective for human volun- 
teers. Naso-pharyngeal washings were not tested in this experiment. 
Bacteriological investigation of blood and stomach contents has 
produced negative results only. Attempts to cultivate a virus on 
developing hen’s eggs have not proved successful, though German 
workers have recently claimed that an infective agent has been carried 
through eight subcultures in fowl embryos, but it has been stated 
that the infective agent of the jaundice which has followed the in- 
jection of certain batches of yellow fever vaccine, or of convalescent 
measles serum, has been propagated in a medium consisting of 
chick embryo tissue, Tyrode solution and human or monkey serum. 
This agent will pass through bacteria-trapping filters, will with- 
stand the action of weak phenol and may be frozen and dried and 
still retain infectivity. In these respects, therefore, it behaves as 
a virus ”. i 


Aetiological factors thus appeared to be baffling, and it was surmised 
that the reservoir of infection was man amongst whom the disease was 
disseminated by droplet infection, and that the rapidity with which it 
often spread throughout a district suggested infection by a virus rather 
than any other group of pathogenic agent. Infectious jaundice had been 
reported from many parts of the world and outbreaks were known to 
occur in autumn and early winter. 


Jaundice, following the use of certain batches of yellow fever 
vaccine, had occurred at one time among the American forces, but 
had disappeared with the discontinuance of the use of serum in the 
preparation of the vaccine. Jaundice was also known to occur following 
the use of mumps and measles convalescent serum, and a few cases had 
been reported following the use of pooled and dried human serum. 


Epidemics of jaundice were often reported in civil and military 
communities, in which infection from vaccines, sera or blood transfusion 
was not a factor. In these epidemics the spread of infection was usually 
traced to contacts. Although in some instances, it was thought that 
the spread of infection may have occurred in the same way as dysentery, 


” 
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i.e., from faecal contamination, yet in the vast majority of cases it was 
considered that the infection was conveyed by droplet. The evidence 
in favour of droplet infection was based mostly on epidemiological 
considerations and no positive proof had so far been advanced. Further 
study was hampered because of the impossibility of transmitting the infec- 
tive agent to any animal with certainty. 


The incubation period of jaundice, occurring naturally, was observ- 
ed to be about a month, whereas after serum injection, as much as three 
or four months elapsed at times before jaundice developed—a finding 
which could not then be properly explained. Another feature noticed 
was that the natural disease most often passed unobserved; the general 
immunity appeared to be high, as only about 10 per cent. of the exposed 
persons showed any obvious jaundice, but after injection of the infected 
serum the incidence of jaundice was little less than 30 per cent. It was, 
therefore, considered that jaundice seen from time to time in patients 
taking arsphenamine was caused by the same virus attacking a liver 
damaged or sensitised by arsenical treatment. 


` ADVANCES IN THE KNOWLEDGE ABOUT INFECTIVE HEPATITIS DURING THE WAR 


In order to appreciate fully the difficulties in making any specific 
suggestions for the prevention of infective hepatitis, it is necessary to 
refer to the experiments for the transmission of jaundice which were carri- 
ed out by some workers so as to prove or disprove a particular theory. 


In view of the possibility that catarrhal jaundice and the jaundice 
following the injection of yellow fever vaccine may have a common aetio- 
logy, Findlay and Martin (1943) carried out human transmission experi- 
ments with nasopharyngeal washings from patients considered to be 
suffering from yellow fever vaccine jaundice. ‘The washings were collect- 
ed from three men in the pre-icteric stage of a hepatitis which occurred 
80 to 83 days after the inoculation of yellow fever vaccine; two of the men 
came from the same unit. The washings from each donor were instilled 
into One recipient within an hour of collection. One man developed 
symptoms of nausea, tiredness and abdominal pain 30 days after ino- 
culation. At this time, the liver and spleen were palpable but there 
was no bile or urobilin in the urine till three days later, when the serum 
icteric index was 8. The second recipient developed symptoms 50 
days after inoculation; four days later urobilin was present in the urine 
and two days after this bile appeared in the urine. The third volunteer 
complained of malaise and tenderness and anorexia 28 days after the 
instillation and he had a trace of bile and urobilin in the urine. 
Findlay and Martin (1943) thought that the agent causing the condition 
was probably a virus rather than some hypothetical toxin in the human 
serum. The clinical picture suggested that the disease was a generalised 
infection but it was rather remarkable that they were able to produce 
three apparently successful ‘takes’ in only three attempts whereas 
no proved secondary case had been reported among the very large num- 
ber of contacts of many thousands of cases of yellow fever vaccine hepatitis. 
Human transmission experiments are beset with many difficulties 
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and in the experiments referred to more epidemiological history of the 
original donors is needed before coming to any conclusion. 


MacCallum (1945) produced jaundice amongst seven out of ten 
volunteers by inoculating them with the blood serum of a patient who had 
developed jaundice during the course of treatment with neoarsphenamine 
and thiostab (sodium thiosulphate) in a military venereal disease clinic. 
His attempts to infect 17 volunteers with nasopharyngeal washings and 
material on tonsillar swabs, collected from the seven infected volunteers 
were, however, unsuccessful. He also tried to produce jaundice without 
success amongst another set of volunteers by making them drink 20 
per cent, suspension of faeces in broth collected during the icteric stage 
from another patient who had been treated in a different army clinic 
with neohalarsine and who had developed jaundice. Six of these volunteers 
had also their nose and throat sprayed with 5 to 10 cc. of the faeces in 
suspension but none became jaundiced. 


Havens, Ward, Drill and Paul (1944) conducted feeding experi- 
ment in the Middle East on human volunteers with stool from cases of 
infective hepatitis. A specimen of stool was kept at dry ice-box tempera- 
ture for eight months. It was then fed, together with dehydrated 
filtrates of urine and stool extracts from other cases, to three volunteers; 
two of these men developed hepatitis 20 and 22 days later. Three other 
men who received the dehydrated urine and stool extracts remained 
well, thereby suggesting that the infective agent taken by the previous 
three volunteers was present in the original specimen of the stool and not 
in the filtrates of urine and stool extracts, 


The MRC Jaundice Committee also used human volunteers in 
its experiments, majority of whom were rheumatoid arthritis patients. 
It had been known for sometime that the symptoms of rheumatoid 
arthritis were often relieved by an attack of jaundice, and patients were 
invited to volunteer with the two-fold object of discovering whether 
jaundice could be transmitted and whether jaundice, so induced, relieved 
the arthritis. In all, 400 volunteers were inoculated, of whom 350 
were rheumatoid arthritis patients. Jaundice developed in 10 per cent. 
Signs and symptoms of rheumatoid arthritis were in some cases much 
relieved by an attack of jaundice but the remission was unfortunately 
temporary. The two important discoveries made by the Jaundice 
Research Team were that a virus was present in the blood in post- 
arsenical jaundice, and that virus was excreted in the faeces in infective 
hepatitis. The results of investigations also supported clinical and 
epideiniological observations to the effect that infective hepatitis may 
sometimes be an excremental disease, distributed by flies and water, 


cost, the opinion of the majority of workers was in favour of droplet 
spread, 


How infective hepatitis spreads is still debatable, but the 
investigations mentioned provide foundation for ideas based on firmer 
ground than speculation. Two main difficulties still remain unsolved— 
the uncertain relationship between infective hepatitis and inoculation- 
jaundice, and the absence of a susceptible experimental animal (War 
Office, 1945). The production of jaundice or a sub-icteric condition by 


INFECTIVE HEPATITIS 571 


subcutaneous inoculation of icterogenic material does not still tell 
us what the natural route of infection is, though it has raised the possibility 
that jaundice may be transmitted by infected syringes. Infection of the 
volunteers by feeding them with faecal material from jaundiced patients 
or by spraying the infective material on the nasopharynx proves that 
the faeces contain the infective agent and indicates that the infection 
may be spread by contaminated food. A similar conclusion was drawn 
from field observations made at the time of the El Alamein battles. At 
one time, the New Zealand and Australian forces occupied the ground 
that had been recently captured and was heavily contaminated by faeces. 
Hepatitis assumed epidemic proportion in the occupying troops. In 
other parts of the El Alamein line, the Indian and British forces were 
on ground not previously occupied by the Axis forces and not heavily 
contaminated; in these troops, the hepatitis was uncommon. Amongst 
the New Zealanders, the morbidity was the greatest in those in forward 
lines and least in areas most remote from the enemy. The infection 
was more common where the troops lived in the open and less common 
where they lived in tents. These observations as well as those of Kalra 
(1947) in Ceylon to which reference has already been made cast doubt 
on the view that droplet infection is the important means of spread, 
although it cannot be denied that nasopharyngeal washings may also 
contain the infective agent. Hepatitis was prevalent amongst the Axis 
troops in El Alamein, and it was argued that the contamination of the 
ground by them was responsible for the outbreak of hepatitis in the New 
Zealand forces. ‘These observations also provide basis for the assumption, 
that the infective agent in the faeces, possibly a virus, was spread by dusi 
and flies, It need, however, not be assumed that the faeces are the only 
vehicle by which infection is spread. Hepatitis can occur when flies 
are few and the chances of obvious faecal infection remote; under such 
conditions droplets may play a part in the spread of disease.’ 


The essential point to remember is that infection reaches the patient 
by either the alimentary or respiratory tracts, that the responsible agent 
is remarkably resistant to drying, freezing, storage for prolonged 
periods, heat and antiseptics, and that the dose for causing infection is 
very small. ° 


1 To summarise : experimental transmission of disease to human volunteers has led to the 
identification of at least two variations of viral hepatitis, i. e., infectious hepatitis caused by 
A (I. H. Virus) and serum hepatitis caused by virus B (S. H. Virus). These two forms of infection 
are not readily differentiated by clinical features but are characterised by differences in incuba- 
tion periods by the routes of natural dissemination and by the specific immunity conferred by 
each virus. The two infective agents are similar in many respects. Both pass through a seitz 
filter, neither causes disease in laboratory animals and both resist drying, freezing and heating at 
56° for 30 feet. They cannot be destroyed by chlorination, one part per million; and by expo- 
sure to tricesol 0 2 per cent. ether 10 per cent. merthiolate Í: 2000 and nitrogen mustard 500 
mgm. per litre. a e 

Virus B is inactivated in plasma containing sulfa mustard. Both are transmissible to man 
through transfusions or through the administration of plasma, packed red cells, fibrinogen, 
thrombin or fraction IV. The agents are destroyed in the processing of fibrin form, gamma 
globulin and albumen after heating at 60%C for 10 hours. Plasma subjected to ultraviolet radia- 
tion ot to storage at room temperature for long periods shows some decrease in infectivity but no 
trustworthy method of sterilising whole blood or plasma and many of its denvations has yet been 
devised. 
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PREVENTIVE MEASURES 


It would be obvious, from what has been stated above, that no 
specific measures for its control could be suggested or practised. Isola- 
tion of suffering cases in separate wards during the outbreak of an 
epidemic was practised in military hospitals in the eastern theatre together 
with disinfection of stools, urine and sputum and the provision of separate 
crockery for feeding, but these measures had their limitations as cases 
appeared to be most infectious in the pre-1cteric stage and some cases of 
hepatitis were without any icterus or so little icterus that they were often 
missed. Another difficulty was that the young and new arrivals in an 
endemic area were generally more susceptible. The practice of isolation 
in hospitals came into vogue towards the end of 1942 only though it may 
be of interest to know that it was recommended by Pope Zacharias who 
occupied the See at St. Peter from A.D. 741-752. Proper chlorination of . 
water supply, satisfactory disposal of excremental material of human origin 
as well as camp refuse and anti-fly measures which were generally adop- 
ted throughout the army were tightened during times of epidemics. 
During such periods, it was also considered desirable to withhold alcohol 
and therapeutic arsenical preparations from those in close contact on 
account of the fear to damage liver or precipitate attacks of the disease, 


Stokes and Neefe (1945) obtained encouraging results in the control 
of infective hepatitis by the inoculation of gamma globulin in a summer 
camp for boys and girls in August and September 1944. By 14 August 
1944, 80 per cent. of the residents had developed hepatitis and new 
cases were occurring on 15 and 16 August 1944; it was then decided to 
try the preventive action of gamma globulin in the remainder of the 
personnel. They used an arbitrary intramuscular dosage of 0°15 cc. 
of gamma globulin per pound of body weight.* Havens and Paul 
(1945), using approximately half this dose but injecting it much earlier 
after exposure, obtained much more satisfactory results. 
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CHAPTER XXV 
Poliomyelitis’ 


Poliomyelitis has received relatively little attention in tropical 
countries, chiefly because epidemics are distinctly unusual, though 
sporadic cases occur from time to time. During the war years, however, 
there were a number of reports of poliomyelitis outbreaks in British 
service personnel stationed in warm climates, sometimes associated 
with cases in the local civilian community. Such reports came from 
Egypt, Malta, India and West Africa. During the past 15 years, atten- 


tion has been increasingly focussed on the alimentary tract as the route of 
infection in acute poliomyelitis. 


In 1910, Flexner and Lewis had suggested nasopharynx as the 
probable portal of entry for the virus and the view was held that the 
disease was spread by droplet infection. The virus was isolated from the 
stools of acute cases in Sweden by Kling, Petterson and Wernstedt 
(1912) and by Sawyer (1915), in the USA but this did not lead to any 
shift in epidemiological stress from the nasopharyngeal to the alimentary 
route. Since 1935, the importance of the alimentary route has been 
recognised as a result of the works of Toomey (1935 a, b; 1936), Paul 
and Culotia (1939), Paul and Gard (1940), Trask, Vignec and Paul 
(1938) and Trask, Paul and Vignec (1940). The virus has been isolated 
from the stools of abortive cases and close contacts and from sewage 
flies, milk and drinking water in infected areas. van Rooyen and 
Morgan (1943), during the course of exprimental work in Egypt, isolated 
six strains of poliomyelitis from seven fatal cases in British troops in the 
MEF by intra-cerebral inoculation of monkeys and Abyssinian haboons 
with post-mortem material. Paul, Havens and van Rooyen (1944), 
while discussing the prevalence of poliomyelitis in the Middle East, 
described how clinical and epidemiological investigation of the ten 
military cases in the MEF failed to throw any light on their origin. They 
then made search for the virus in the stools or the colonic contents collect- 
ed post-mortem from 15 typical cases of poliomyelitis and 20 atypical 
cases including the contacts. Samples from nine out of ten fatal cases of 
poliomyelitis yielded the virus, but no virus was obtained from the stools 
of five non-fatal cases of poliomyelitis. The nine fatal cases, which 
yielded the virus were, for the most part, examined earlier in the 
disease than were the other cases of poliomyelitis. 


INCIDENCE IN THE INDIA COMMAND 


Up to the year 1937, there was no mention of the occurrence of 
poliomyelitis in the Army-in-India. In the absence of any reliable in- 


1A good deal of the information contained in this chapter regarding poliomyelitis is based 
on the Epidemiology of Acute Poliomyelitis in India Command by Brigadier McAlpine (published 
in Lancet on 4 August 1945) who was the consultant in neurology in the India Command up to 
May 1945 and the notes left by him in the Medical Directorate files (now in the Combined 
Inter-Services Historical Section). 
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formation no estimates can be formed of the prevalence of the disease in 
the indigenous population but judging from the number of old cases 
observed in hospital patients and from information gathered from other 
sources, McAlpine (1945) considered that the disease was not un- 
common amongst the children in India, was relatively infrequent amongst 
the adults and epidemics were rare. Between 1938 and 1941, ten cases 
were recorded in the British troops in India. In 1941, only one case 
was reported. The incidence of acute poliomyelitis in the Army-in- 
India from 1942 to 1946 is shown in Table I. 


TABLE I 


Incidence (actual number and rate per 1,000) of acute poliomyelitis—India 
Command—1942 to 1946. 





elle er - A A A A i A AA A e e HA a a A A a a ee aP E A A ee ES be o ros 








British Officers* BORs | | VCOs & IORs 
Year > m La 
Actual ¡Rate per| Actual [Rate per; Actual | Rate per 
number] 1,000 | number! 1,000 ¡numberj 1,000 
1942 18 1-10 21 0°33 3 0-01 
1943 18 0:77 17 0-14 7 0-01 
1944 36 1-19 45 0:36 15 0-02 
1945 64 1°84 70 0°49 52 0-06 
1946 38 1:58 47 0:54 19 0°03 


| 





*Encludes Indian Officers also. 


During 1942, there was an epidemic at Ranchi which was respon- 
sible for 25 cases. No epidemic occurred in 1943 and none in 1944 
with the exception of a small outbreak of eight cases in a hotel in Bombay. 
Associated cases were generally rare. On the whole, it may be stated 
that there was an increase in the incidence of acute poliomyelitis amongst 
the British troops since 1942. The incidence amongst the British officers 
was approximately five times higher than that in BORs during 1943. 
The incidence among VCOs & IORs was negligible when compared 
to BORs and British officers. 


With the exception of epidemics mentioned above, the disease 
was prevalent in sporadic form throughout the years of the war, with 
a tendency to small focal outbreaks consisting of four to ten cases. Prior 
to the year 1944, sufficient information was not available from AFA-35 
used in the notification of poliomyelitis but certain changes were introduc- 
ed during that year as a result of which the regional incidence could be 
determined. In estimating the regional incidence, it was customary 
to assume that two weeks was the outside limit of the incubation period 
of acute poliomyelitis and that the absence of recent movement 
during that period indicated a local source of infection. This assump- 
tion, however, did not take into consideration the possibility, as yet 
unproved, of a carrier developing the disease. During the year 1944, 
a great majority of the cases in other ranks occurred in focal outbreaks, 
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and the foci of infection in the Central Command and the Southern 
Army were as follows:— 


Central Command (Total cases 42) 


Agra me 2 Y 
Allahabad p . 6 
Bundi Camp sm <a. 3 
Meerut ho 5 
Mhow . 3 

Total .. 26 


Southern Army (Total cases 39) 


Ahmednagar i .. 6 
Deolali c za 8 
Poona np zo Y 
Bombay ad .. 11 


Total .. 32 


* This includes eight cases which occurred during the of course an 
outbreak at Seagreen Hotel described later. 


The following additional foci of infection composed wholly or mainly 
of the RAF cases were noted :— 


North-Western Army .. Peshawar 
Karachi 

Central Command .. Delhi 

Southern Army .. .. Cochin 


The distribution of the places of onset in some degree corresponded to 
the proportional density of the British troops. 


In 1942, Ahmednagar, Bangalore, Madras, Ranchi and Trimul- 
gherry were noted as, foci of infection, and in 1943 Bangalore and 
Trimulgherry only. With the exception of Ahmednagar none of the foci 
of 1944 were present in 1942 or 1943. In a significant number of cases 
there was a history of ill-health within a month of the disease, i.e., general 
malaise, malaria, dysentery or diarrhoea, fever, sore throat, effects of 
heat, etc., and the disease tended to attack the dorso-lumbar region of 
the cord primarily or predominantly. 


Age and Length of Service: During 1944, only one case occurred 
over the age of 40 years and three cases between the ages of 30 and 40 
years in the India Command. The longest period of service in India in 
the case of British officers attacked with poliomyelitis was 37 years 
and the shortest four weeks, while most cases had served less than two 
years. It appears that the disease tended to occur amongst young 
men who had served in the east for a comparatively short time. 


Seasonal Incidence: The majority of cases occurred between the 
months of March and October in the India Command, the peak incidence 
lying between July and October. In 1944, the peak incidence was in 
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August when 22 cases were notified. In 1945, the monthly incidence 
(actual number) among Indian and British troops was as follows:— 
January, 1; February, 2; March, 3; April, 10; May, 18; June, 24; 
July, 46; August, 53; September, 15; October, 14, 

MORTALITY 

The mortality rates amongst the British troops in India from 

1942 to 1946 are shown below:— 

TABLE IT 


Mortality rate per cent. of cases of acute poliomyelitis—British troops (Officers 
and BORs)—India Command—1942 to 1946. 


| Mortality rate 





Year a Cases Deaths | per cent. of cases 
1942 ga si 39 i 12 30:8 
1943 as ns 35 10 28:6 
1944 ds ia 81 24 29°6 
1945 ea s% 134 37 21-6 
1946 -ia ee 4 85 15 l 17:6; 


No accurate figures are obtainable regarding the mortality rate 
of British troops in the SEAC, but it was noticed in 1944 that out of the 
13 British officers attacked, four died whereas no deaths occurred 
amongst the seven BORs attacked. In the Ceylon Command, there 
were five deaths amongst the 12 British personnel who suffered from this 
disease. In the RAF in India Command and SEAC, the total number 
attacked during 1944 was 48 with 18 deaths, giving a case mortality rate 
of 37'5 per cent. The mortality rate per cent. of acute poliomyelitis 
cases among the Indian troops in the India Command during 1942 to 
1946 was as follows:— 


TABLE III 


Mortality rate per cent. of cases of acute poliomyelitis—VCOs & JORs—India 
Command—1942 to 1946 





Mortality rate 
mee Wasis Deaths per pmi P cases 
1942 x = 3 eis T 
1943 Ls “i 7 3 42:8 
1944 ‘> 15 2 13°3 
1945 32 5 9°6 
1946 19 1 3°3 








STRAINS OF POLIOMYELITIS VIRUS 


_No attempt was made to ascertain the strains prevalent in India, 
and it is likely that different strains exist in India and other theatres of 
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war against which the local or indigenous population has acquired 
a high degree of immunity as a result of attack during childhood. It 
is further possible that under conditions of war some of these strains 
had their virulence enhanced owing to attacking the men who were lack- 
ing immunity (e.g., British troops). 


REASONS FOR THE HIGHER INCIDENCE OF POLIOMYELITIS IN BRITISH OFFICERS 


_ It was observed in the India Command by McAlpine (1945) that 
poliomyelitis was five times more common in the British officers than 
other ranks. The first question for consideration was whether the former 
owing to the peculiarity of their social conditions had lesser opportunity 
for acquiring immunity than the latter. It was, however, considered 
that differences on this account were not significant, and it was 
assumed that the British officers and the BORs were equally susceptible 
to poliomyelitis when they arrived in India. There was a greater 
measure of agreement regarding the alimentary tract as the route of infec- 
tion and this naturally led to the consideration of personal habits and 
feeding conditions of the British officers and other ranks. In respect 
of personal habits, such differences as existed did not warrant the conclu- 
sion that they accounted for the greater exposure of the officer class to 
infection than other ranks. On the other hand, considerations of the 
feeding conditions revealed that there were factors which particularly 
exposed the officers to risks of infection. The preparing and cooking of 
food in the Army-in-India was carried out mainly by the Indian personnel. 
Only a small percentage of them passed through army schools of cookery. 
Owing to the rapid expansion of the Army-in-India and lack of suitable 
personnel, it was not an easy matter to enforce high standards of 
cleanliness in the kitchens; scrubbing brushes, soap and clean towels were 
not always available and anti-fly measures, owing to the scarcity of 
materials, were inadequate, 


The messes for the other ranks were, as a rule, staffed by army 
personnel and frequently inspected by the orderly officers, the medical 
officers, the hygiene officers and the specialist catering officers. Rations 
were supplied according to the RIASC specification and uncooked food 
was rarely served. Each man used his own mess-tin or other eating 
utensils, In the case of officers, the catering arrangements for the messes 
were in the hands of contractors and the supervision over kitchens was 
seldom effective. Even when officers’ messes were staffed by army 
personnel the cooks, mostly untrained, did not usually observe strict 
hygiene discipline in the absence of proper supervision. Foodstuffs 
were often purchased from the local bazaars and uncooked or cold food 
frequently consumed. Communal eating utensils were in use in officers’ 
messes which could not be satisfactorily cleaned owing to the lack of 
boiling water for washing-up purposes. When travelling in trains, the 
other ranks took their rations with them which were at times supple- 
mented with fruits bought at stations. With the exception of sergeants, 
the other ranks ate in the restaurant cars and station restaurants to a 
much less extent than the officers who used them freely. Some of the 
transit camps were notorious for their lack of cleanliness and the officers 
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and other ranks were equally exposed there to the dangers of infection, 
During off-duty hours and leave, the other ranks did frequent restaurants 
but they mainly favoured such cooked foods as eggs, sausages etc; and 
when on leave, they mainly visited camps, hotels and service clubs. On 
the other hand, the officers generally frequented clubs, hotels and restau- 
rants where uncooked food was often consumed, especially during summer 
months. During leave also the officers as a rule stayed in hotels, clubs, 
dak-bungalows and private houses. It will thus be seen that the prepara- 
tion of food, the manner in which it was served and the washing 
arrangements differed radically in messes used by officers from 
those of other ranks. During journeys, the officers were more 
exposed to the risk of consumption of contaminated food, because 
they made greater use of restaurant cars and station restaurants as 
compared with other ranks with the exception of sergeants. Thus the 
more frequent use of hotels and clubs by officers and the consumption 
of uncooked foods provided there exposed them to greater opportunities 
for acquiring infection. How the different feeding conditions were 
responsible for cases of poliomyelitis among the officers is illustrated 
by the outbreaks which occurred in Bombay in 1944 and in Mhow in 
1945. They also provided grounds for supporting the intestinal theory 
of infection. 


OUTBREAK OF POLIOMYELITIS IN SEAGREEN HOTEL, BOMBAY 


The first outbreak was in the Seagreen Hotel in Bombay during 
the months of October and November in 1944. This hotel was a popular 
resort of officers during leave and transit and a number of officers also 
used it as a place of residence, Eight cases of acute poliomyelitis were 
discovered to have occurred between 26 and 29 October 1944 amongst 
the officers who were either staying or had stayed in this hotel during 
the second half of October 1944; these included five officers who fell ill 
after leaving the hotel. The number of deaths was four. Subsequently, 
on 7 November 1944, a naval officer fell ill and succumbed to disease 
after three days. The proprietor's daughter also fell ill on 21 November 
1944 and died three days later. The hotel consisted of a block of flats 
and each of the rooms occupied by officers contained at least two beds. 
Investigation showed that two of those attacked had occupied the same 
room and the rest different rooms. An officer who slept in an 
annexe, 80 yards away from the main building but dined in the main 
building, was amongst those attacked and a similar fate overtook the 
proprietor’s daughter who was occupying one of the flats in the building 
and obtained her food from the hotel kitchen. On the occurrence of 
these cases the proprietor was instructed to boil all the bed linen and 
the towels from the rooms occupied by the affected individuals, but 
unfortunately these instructions were not carried out in the case of the 
room occupied by the naval officer and on 8 November 1944, the linen 
and towel from the room were taken to the proprietor’s flat where they 
were handled by his daughter. The hotel was situated on the sea front, 
and there was adequate ventilation and spacing of the beds in the rooms 
occupied by more than one officer so that the question of droplet infection 
was a remote possibility. The milk came from a military dairy farm 
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which supplied milk to military personnel staying in widely scattered 
areas and, with the exception of one case, no other cases were known 
amongst the British population during the same period. The hotel 
was equipped with underground drainage system. During the course 
of investigation, it was found out that a batch of 32 officers had come 
to this hotel on leave from a particular unit in Deolali on 15 and 16 
October 1944. At the time of their arrival all of them were in a good 
state of health. Two of them suffered from diarrhoea for several days 
after arrival and later on developed poliomyelitis. Information, 
obtained subsequently showed that, three or four days after their arrival, 
eight of them had fallen ill with headache; four of them had diarrhoea 
and sore throat, and two of them had, in addition, fever and pain in the 
leg. The symptoms were so severe that several of them had to be confin- 
ed to bed for two to three days. Inspection of the kitchen of the hotel 
showed that it opened on to a side street from which it was separated 
only by a wire netting. The cook-house staff had no washing facilities. 
There were two open latrines of the Indian pattern separated from the 
kitchen by a wall and accessible by means of a passage ten yards long and 
communicating with the side street. This passage also contained two 
bins for kitchen refuse, but their covers were only partially closed. 


The distribution of cases amongst personnel occupying different 
rooms widely separated from one another (except in one instance), the 
history of diarrhoea at that time among several officers staying in the 
hotel, and the occurrence of eight cases during the course of three to four 
days suggest that the source of infection was the kitchen. The 
illness of the proprietor’s daughter later on, though she had her food 
from the same kitchen, suggests that in her case the source of infection 
was probably fomites. 


OUTBREAK OF POLIOMYELITIS IN MHOW 


The second instance of the outbreak was the one which occurred 
in Mhow during the months of July and August in 1945, and in which 
there appeared to be some evidence of connection between the cases. 
In all, 13 cases were notified, seven in the officers training school, five 
in the signal training centre and one in a leave camp. Of these, ten 
were officers or officer cadets and the remainder other ranks. Prior to 
the outbreak, two cases had previously been reported in the officers 
training school—one on 31 May 1945, and the other on 2 June 1945. 
Both these cases had occurred in the ‘G-2°’ Company. They lived 
separately, but ate in the same mess. The first case of the outbreak 
was reported on 19 July 1945 from ‘ G-2° Company of officers training 
school. On 20 July 1945, a case was admitted from the signal training 
centre. The next case, to be notified was from the ‘A’ Company of the 
officers training school, who messed with the ‘G’ Company. The ‘A 
Company was said to have had some cases of poliomyelitis before leaving 
England. On 28 July 1945, another case was admitted to hospital 
from ‘ A’ Company, officers training school; this proved to be abortive. 
On | August 1945, another case was admitted from the signal training 
centre; he, however, lived and messed in a separate part of the signal 
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lines and was probably unconnected with the series. Further cases 
occurred in the signal training centre, two on 7 August and one on 12 
August 1945. Cases were reported from the officers training school 
also on 6, 21 and 24 August 1945. _ In addition to these, one company 
sergeant major from the officers training school, and one naval rating 
from a leave camp were attacked with the disease. These two cases 
appeared to have no connection with the outbreak under consideration. 
The distribution of cases did not reveal any common source of infection 
although close association was noted in two cases both of whom, however, 
developed the disease about the same time and could, therefore, have 
contracted the disease from an unknown carrier. It was at first consider- 
ed that the source of infection lay within the officers training school as 
all the cases which had occurred during 1944 were confined to that unit. 
When cases, however, occurred in the signal training centre it became 
obvious that a search had to be made outside the barracks for a source 
of infection which could be regarded as common. Suspicion naturally 
fell on the local cafes visited by these officers, but there was no cafe 
which could be said to be common to all. Here it may be mentioned 
that careful records were kept of all the cases occurring in Mhow during 
the year in the military population, but no case was met with in which 
the possibility of infection outside the barrack could be definitely ruled 
out. The investigations made during this outbreak lent support to the 
hypothesis that the greater use of restaurants, cafes, etc., was an important 
factor in the higher incidence of poliomyelitis noticed amongst the officers 
when compared with other ranks. Seven cases in this outbreak were 
described as abortive and there was only one death. A peculiarity 
of this series was the unusually high frequency of the abortive meningeal 
type of the disease. This might have been due to some peculiarity of the 
virus or special receptiveness on the part of those affected or diligence 
on the part of the medical officers in arriving at the diagnoses. 


The occurrence of disease during the summer months, when other 
intestinal diseases, in the causation of which the contaminated food plays 
a major part, also increase, is an additional reason for assuming that 
poliomyelitis spreads în a similar manner and that the virus is present in 
the stools of recent cases and close contacts. 


EVIDENCE IN SUPPORT OF DROPLET INFECTION THEORY 


While the greater part of the evidence available supported the 
theory which suggested the gastrointestinal route of infection, it is not 
possible to completely ignore the droplet infection theory. An example 
Is given here. A sister had nursed a case of poliomyelitis in the India 
Command who died on 15 May 1944. Two days after the death of the 
patient, she complained of sore throat and general malaise; on 20 May 
1944, she developed signs of poliomyelitis. It was discovered that she 
had not, at all times, observed the precautions suggested for avoiding 
the disease while nursing cases of poliomyelitis. In both these cases, the 
disease first affected the cervical cord and then spread to the medulla 
with a rapidly fatal termination. It appears that the conditions favour- 
able for the spread of infection by droplets existed in this case, but the 
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possibility of her ‘acquiring the infection from fingers contaminated by 
pharyngeal secretion or excreta cannot be ruled out. 


PREVENTIVE MEASURES 


Before proceeding to the consideration of preventive measures, it 
15 necessary to emphasise that poliomyelitis was a disease from which 
mostly the British troops suffered during World War II to an increasing 
extent; it is likely that, during the course of their service overseas under 
war-time conditions, they came across strains of poliomyelitis virus 
different from those of the United Kingdom and against which they 
did not possess immunity. Further, these strains may have acquired 
increased virulence amongst certain individuals causing high mortality 
and severe residual paralysis in those who survived. Inthe adoption 
of preventive measures, stress was laid on the importance of oral route 
of infection. The theory of the spread of acute poliomyelitis by droplet 
infection had to be modified in view of the investigations made in connec- 
tion with the recovery of the virus from the stools. A natural corollary 
of this view was the recognition of the fact that the house-fly may act 
as the vector, and medical officers were instructed to bear this in mind. 
Although flies had not been definitely incriminated in any outbreak, 
yet it was considered necessary to impress upon all concerned that fly 
must be regarded a potential vector under certain conditions until proof 
to the contrary was available. The Medical Directorate, GHQ, issued 
instructions in September 1944 for the strict compliance of directions 
connected with the disinfection of quarters, clothing and bedding, 
crockery and cutlery as well as the isolation and nursing of patients 
suffering from poliomyelitis. Close contacts were kept under 
surveillance for a period of 14 days. A close contact was any individual 
who had been in close contact with the patient at any time since the onset 
of illness or for 48 hours prior to the onset of first symptoms. Close 
contacts included men who slept in the two beds immediately on either 
side, the friends of both sexes, those who sat next to him in schools and 
those who had recently shared a guard with him. 


In one of the BMHs in Bangalore, the system of barrier nursing 
was adopted for the treatment of paralytic cases and later on for others 
as well. Usual precautions were taken in the disposal of excreta. As 
far as possible the patients were nursed in fly-proof rooms with the object 
of minimising or eliminating the chances of dissemination of infection. 
With the same object in view, an observation ward was opened to which 
all officer cadets, who developed fever, usual headache or pains in the 
back or limbs, were admitted. 


In March 1945, a new procedure for the notification of the disease 
was introduced, whereby it was posssible to trace the recent movements 
of the patients within two weeks from the date of onset. About the same 
time, a technical instruction pamphlet containing a summary of recent 
work on the epidemiology of poliomyelitis? and its incidence in the 
India Command was circulated amongst all the medical officers, emphasi- 
sing that the prevention of poliomyelitis was dependent upon better 


2 Medical Directorate, India, Technical Instruction No, 46. 
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standards of personal cleanliness, of washing-up arrangements and 
protection of kitchens against flies not only in messes but also in civilian 
controlled establishment such as restaurants, hotels, etc. These measures 
were adopted wherever possible. 

In some of the large towns of India, such as Calcutta, a drive was 
made towards improving the sanitary conditions in public eating 
houses. Canteens run by the Women's Voluntary Service, where both 
officers and men could rely on good and clean food during journeys, 
were encouraged with the result that their number grew rapidly in the 


early months of 1945, 
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CHAPTER XXVI 


Respiratory Diseases 


Respiratory diseases were responsible for a considerable amount 
of sick wastage in the army. This group includes a number of affections 
with varied causation, and it is not possible to give it general considera- 
tion as a whole. At times, the diseases having different nomenclature 
represent merely an extension of the infective process from one part 
to the other. For example, upper respiratory infections and acute bron- 
chitis are but the different stages of the same disease, the clinical 
distinction, however, is important because, while patients with upper 
respiratory infections are usually fit to return to duty from the hospital, 
acute bronchitis entails some degree of convalescence. It should rarely 
be necessary for a soldier to be off duty longer than a month because of 
acute bronchitis, and often a shorter period suffices. Chronic bronchitis, 
on the other hand, usually does not need or benefit by hospital treatment, 
and the great majority are fit for duty, sometimes of quite arduous nature. 
In fact, army life with its adequate food, open air life and well regulated 
activities, is good treatment for such cases. Diseases like acute and 
chronic bronchitis can normally be treated in small medical units where- 
as lobar pneumonia, pneumonitis, broncho-pneumonia and atypical 
pneumonia require the facilities of a hospital for diagnosis and treat- 
ment. 


In the Manual of the International Statistical Classification of Diseases, 
Injuries and Causes of Death issued by the World Health Organisation in 
1948, such diseases as common cold, influenza, tonsillitis and pharyngitis 
have been included under respiratory diseases and this classification 
will be adhered to here. Owing to lack of uniformity in the classification 
of the diseases of this group in different theatres of war, it will not be 
possible to give comparative figures for different commands. The 
incidence of some of the diseases of this group in the India Command 
will be considered first. 


INCIDENCE OF RESPIRATORY DISEASES 


India Command: The incidence of respiratory diseases among VCOs 
& IORs and BORs in the India Command is given in Table I. It will 
be seen that the Iadian troops during this period showed a higher in- 
cidence on account of common cold and pharyngitis than the British 
troops, whereas the latter had a higher incidence than the Indian 
troops for influenza and tonsillitis. The Indian troops suffered more 
from pneumonia during the war than the British troops. a 

Indo-Burma front, Burma and SEAC (excluding Ceylon): The admission 
rates per 1,000 for the respiratory diseases on the Indo-Burma front, 
Burma and SEAC (excluding Ceylon) are given ın Table II. 
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TABLE II 


Incidence (rate per 1,000) of respiratory diseases—All forces—Indo-Burma 
front, Burma and SEAC (excluding Ceylon)—-1942 to 1945. l 


1945 

Diseases 1942 1943 1944 (January to 
September) 

Common cold 4% 13°66 14°26 

‘Tonsillitis se 5°62 3°76 

Influenza sa 9°35 0°33 

Pneumonia ss 3:17 3-50 

Other respiratory 
diseases | 22:17 14°98 
Total .. | 53°97 36-83 





During 1942 to 1945, common cold was the major contributing 
disease, followed by tonsillitis, pneumonia (except 1942) and influenza, 
to the incidence of respiratory diseases in this theatre. 


Middle East: The incidence of respiratory group of diseases in the 
MEF in 1945 is given below:— 


TABLE lil 
Incidence of respiratory diseases—Indian and British troops —-MEF—1945. 
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Rate per Percentage 

Diseases 1,000 of total 

sickness 
Common cold ja 6:02 2:07 
Tonsillitis at iR 4-14 1:42 
Pharyngitis .. sa 0:17 0:06 
Influenza des e 0:93 0:32 
Pneumonia .. = 2°31 0:80 
Other respiratory diseases 9:29 3°20 

mi ie AA IS. 


Total a 22-86 | 7-87 


A AA AA A 





It will thus be seen that the above diseases were responsible for 7:87 
per cent. of the total sick admissions to hospitals in the Middle East. They 
represented the third highest group of morbidity in the command, the 
first being infective and parasitic diseases (41:26 per cent.) and the second, 
diseases of the digestive system (excluding dysentery) (12:21 per cent.). 
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FACTORS UNDERLYING RESPIRATORY DISEASES 


The air of enclosed spaces is the principal vehicle for the dissemina- 
tion of respiratory disease. Fatigue and exposure so common in 
military life were important factors in the causation of pneumonia 
and broncho-pneumonia. Primary atypical pneumonia was increasingly . 
recognised, and although the mortality was low and complications 
few, yet it contributed to the non-effective rates, as the lesions demonstr- 
able radiologically often persisted for several weeks during which the 
soldiers had to be kept in hospital. 

The increasing incidence of primary atypical pneumonia, with its 
prolonged febrile period and slow convalescence, was rapidly making 
it one of the most important causes of man-days lost from duty in the 
military service in the American Army. Occasional cases and groups 
of cases had been shown to be caused by influenza A and B viruses asso- 
ciated with staphylococcal and streptococcal infection, psittacosis, 
ornithosis and related diseases, the virus of lymphocytic choriomeningitis 
and the O fever. In the bulk of the cases studied, however, the aetiological 
agent has not been identified, and it has been suggested that the 
term primary atypical pneumonia should be reserved for the group 
of unknown causation. From 1 June 1942 to 10 August 1943, 1,862 
cases were reported from the Station Hospital, Jefferson Barracks, 
Missouri by van Ravenswaay, Erickson, Reh, Siekierski, Pottash and 
Gumbiner (1944). During this period, 62 cases of pneumococcal 
lobar pneumonia were seen. Differential diagnosis was based on 
bacteriological examination of the sputum, white blood count, 
X-ray appearances and clinical course. Two hundred of the 
patients with atypical pneumonia gave negative reactions to 
intradermal tests for coccidioidomycosis, Facilities for virus investigation 
were not available. The case fatality rate was 0°26 per cent. (5 deaths). 
The majority of the soldiers contracting atypical pneumonia did so 
during their initial period after induction into the army with its attendant 
fatigue and unaccustomed environment. After a period of 35 to 40 days 
in barracks, a soldier’s chances of developing the disease dropped to 
about one-sixteenth of what they were on the twenty-fourth day after 
arrival. Civilian visitors to the wards not infrequently contracted the 
disease after moderate periods of exposure to the risk, but the patients 
with upper respiratory disease in the same wards as atypical pneumonia 
patients did not seem to be endangered by prolonged exposure. The 
theory of a common causation of primary atypical pneumonia and as- 
sociated cases of upper respiratory tract infection is supported by and 
probably explains this apparent absence of cross infection. Contact 
with insect, avian and animal vectors was of no epidemiological signi- 
ficance, and the infection was considered to be air-borne. The incuba- 
tion period was reckoned as from 7 to 15 days. The symptoms and 
physical findings were observed in 297 consecutive cases, the results 
being similar to those reported by other workers, except that in the series 
recorded here the disease definitely appeared to be more virulent. 


Moore, Tannenbaum and Smaha (1942) described an outbreak 
of pneumonia in an army camp with a population of about 27,000. 
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The outbreak comprised 262 cases, which were atypical clini 
radiologically. _ It occurred in the period TolDeldter Tour ee A 
monthly case incidence as follows: June, 3; July, 66; August 69; 
September, 50; and October, 74. Sulphathiazole was found to have no 
influence on the infective process, Although mo aetiological agent 
was demonstrated, the condition was regarded as a virus infection 
spread through discharges from the upper respiratory passages. 


Not much is known about the factors responsible for the causation 
of common cold, but there are grounds to think that a filtrable virus 
is primarily responsible for the condition upon which secondary infec- 
tion by other organisms supervenes. The virus is spread by droplets 
expelled during sneezing, coughing, etc. Similarly, influenza is also 
caused by a virus, and Pfeiffer’s bacillus is the commonest secondary 
invader of the infected tissues; other micro-organisms associated with 
the infection are streptococcus of the haemolytic variety, pneumococcus, 
Micrococcus catarrhalis and Staphylococcus aureus. Lobar pneumonia 
occurs in sporadic forms although the occurrence of localised outbreaks 
has been recognised. Overcrowding, insufficient ventilation, over- 
fatigue, exposure and alcoholic excesses are important predisposing causes, 
but the direct cause is pneumococcus of Frankel although streptococcus, 
staphylococcus and Pfeiffer’s bacillus are frequently associated with it. 
The cause of primary atypical pneumonia is not known, although it 
is probable that it may be a virus. In primary broncho-pneumonia, 
the causative organism is pneumococcus, found either alone or associated 
with streptococcus, staphylococcus, Micrococcus catarrhalis or Friedlander’s 
pneumo-bacillus. The micro-organisms found in secondary broncho- 
Pneumonia are varied; streptococcus of the haemolytic variety is 
generally met with often associated with organisms such as pneumo- 
coccus, Pfeiffer’s bacillus, Hemophilus influenzae, staphylococcus and those 
associated with catarrhal conditions of the upper respiratory tract. 
General health, overwork and infected atmosphere are predisposing 
causes in acute tonsillitis. 


Common cold, although a minor ailment, was responsible for loss 
of efficiency besides causing widespread discomfort. The problem 
of prevention remained unsolved. An obstacle to the investigation 
of the underlying factors was the lack of susceptible experimental 
animal, which made it necessary to use human volunteers. This 
was an arrangement which could not always work and was beyond the 
resources of ordinary laboratories. Brady (1942) compared the inci- 
dence of colds and influenza and the days of work lost by sufferers from 
these diseases from January 1941 to March 1941 in 950 inoculated and 
913 uninoculated workers in one factory. The inoculation consisted of 
four doses of mass vaccines containing staphylococci, streptococci, 
Micrococcus catarrhalis, pneumococci, Pfeiffer’s bacillus and Friedlander’s 
bacillus, graded from 125 to 1,000 millions. Those who were particularly 
susceptible to colds were given slightly smaller doses to avoid severe 
reactions, and persons suffering from colds or respiratory infections 
at the time were carefully treated with autogenous vaccines. The 
following results were noted:— E da 
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idence of colds and influenza and the days of work lost by sufferers from these 
= Asi in one factory— January 1941 to March 1941. 





Inoculated |Uninoculated 





group group 
Number in group .s 950 913 
Colds reported T 217 123 
Cases of influenza a 47 55 
Total possible working days | 72,200 69,388 
Days lost T np 558 814 
Absenteeism (per cent.) .. | 0:773 | 1:173 





Conclusions from Table IV have to be drawn with some care as 
those inoculated were volunteers, and, as interested volunteers, were 
likely to be more predisposed to colds than the more indifferent persons 
in the control group. They were also probably more co-operative in 
reporting their colds during the observation periods. The only figure 
that clearly indicates any benefit from the inoculation, is that for 
absenteeism which is two-thirds of that in the control group. Compar- 
ing the whole factory population in 1942 (1,863 persons) with the 1941 
population for the same period (1,197 persons), the absenteeism was 0:969 
per cent. as against 2:468—again a suggestive reduction. In both 
years the monthly variation in absenteeism due to catarrhal illness 
was similar, showing a peak in February. 


Discussing the influence of climate on chronic respiratory diseases 
in the Middle East, Bulmer (1943) stated that they were aggravated 
by the dry and hot climate of Egypt or Libya, and that men prone to 
such diseases should not be sent there. Otherwise there was little 
remarkable about the acute respiratory diseases excepting the high inci- 
dence of acute tonsillitis. The number of patients suffering from chronic 
respiratory diseases was not high, but these conditions were important, 
as 126 men had to be returned to the United Kingdom or downgraded 
for limited duty. Brink (1943) found that tonsillitis and bronchitis 
accounted for about 15 per cent. of the medical admissions in the Middle 
East during nine months of 1942, He also thought that chronic chest 
conditions were aggravated by the climate of the Middle East. 


It has often been noticed that the incidence of respiratory diseases 
among the new recruits is greater than among the seasoned troops. 
The incidence of undifferentiated respiratory admissions was compared 
-with that of atypical pneumonia over a period of seven months (October 

1942 to May 1943) in a large army training depot (Amer. F. Publ. Hlth., 
1944). The incidence of acute respiratory disease in general was much 
higher among men who came to the camp as more or less raw recruits. 
Among the seasoned troops who formed the permanent staff the incidence 
was much lower. On one occasion, where a battalion received men of 
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varying lengths of military service, it was found that the incidence among 
those with less than a month's army service was nearly ten times of that 
in men who had been in the army for a longer period. Separation 
of undefined respiratory admissions from atypical pneumonia showed 
that the rates for these conditions closely paralleled one another 
throughout the period; atypical pneumonia almost consistently formed 
10 per cent. of the total. The incidence of both conditions was highest 
during the first 28 days after entrance in the camp. The epidemiological 
association between undefined respiratory disease and atypical pneumonia 
is suggestive that the latter is a bizarre expression of the former, both 
having a common basis. 


Hinden (1946) described an epidemic of pneumonia in the West 
African troops among whom 161 cases occurred in 13 weeks. The 
bulk of cases came from a training depot in which a constant stream 
of recruits poured in for an eight weeks’ course of training. The start 
of the epidemic coincided with the strength of the unit reaching about 
1,400; when the number fell below this total, the incidence was usually 
between 1 and 2 per 1,000; but when the strength exceeded this figure, 
the rate rose to between 6 and 7 per 1,000. The factor which appeared 
to be responsible for the outbreak was the herding together of large 
numbers of susceptibles, whose normal lives had been lived in small 
communities. 


PREVENTIVE MEASURES 


The incidence of respiratory diseases in World War II was some- 
what similar to that of World War I, and barring the influenza pandemic 
of 1918, the death rates in the former were strikingly lower than the 
latter. These low rates were due to the policy of prompt hospitalisation 
of all patients with acute respiratory diseases and to the use of sulpha 
drugs. 

Numerous papers have already appeared on the prophylaxis of 
infections of the upper respiratory tract by the use of sulphonamides, 
and the results in controlled experiments of this kind appear to have 
been satisfactory. Keith, Ross and Thomson (1944) conducted 
experiments in respect of sulphadiazine prophylaxis in naso-pharyngitis 
and scarlet fever. In a Canadian naval barrack, from 1 January 1944 
to 10 May 1944, there were 284 cases of scarlet fever and 978 cases of 
acute naso-pharyngitis amongst the ratings living in 15 barrack-blocks. 
The monthly incidence was fairly constant and bacteriological investiga- 
tions showed that haemolytic streptococci were present in 16 per arty 
of the cases of naso-pharyngitis, and that more than two-thirds e 
them were either Type 19 or Type 3. Six of the barrack-blocks, jos 
capable of holding 340 ratings, were reserved for new entrants, a 
the incidence was much higher here than elsewhere. Keith el 
(1944), as a result of their trials in prophylaxis with | g. a E 
sulphadiazine in which a reasonable number of controls were emp on j 
came to the conclusion that the morbidity rate was lessened. They 
think that when an epidemic occurs in an isolated community, it can 
be controlled by adequate sulphonamide prophylaxis. 
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After exposure to the communal life of the army, recruits often 
developed upper respiratory tract infection. Hayden and Bigger (1945) 
carried out investigation at a military primary training centre by giving 
lozenges containing 0°065 g. of sulphanilamide five times a day, and 
found that the incidence of severe coughs and of fresh and increasing 
colds had been reduced but the incidence of slight coughs had increased. 
They concluded that the sulphanilamide lozenges do not afford sufficient 
protection to make this form of prophylaxis worthwhile. 


A high incidence of respiratory disease was noticed in the winter 
of 1942-43 in an American Army air force technical school. Repeat- 
ed streptococcal and pneumococcal infections persisted until May 
1943, and it was feared that the winter of 1943-44 may be equally bad. 
Hodges (1944) tried sulphadiazine prophylaxis, and his work suggested 
that sulphonamide prophylaxis was of value against respiratory tract 
infections. 


Owing to the serious loss of manpower due to the haemolytic 
streptococcus in the United States Navy, a programme for the control 
of infections by this organism was instituted (Coburn, 1944). At five 
large training stations, the trainees were divided into groups which 
received daily sulphadiazine prophylaxis, and other groups which 
served as untreated controls. The groups were kept under careful 
surveillance, and matters such as dosage, clinical records and bacteriology 
were supervised by experts. The success of the prophylaxis was 
so great that the use of untreated controls was abandoned after three 
months. In a naval centre in Chicago, a high incidence of streptococcal 
infections was noticed in February 1944. Prophylaxis by means of 
a daily 1 g. dose of sulphadiazine was instituted with a subsequent rapid 
fall in the incidence of scarlet fever and a delayed but striking fall in that 
of rheumatic fever. Similarly, in another camp, where the scarlet fever 
rate began to rise rapidly, half the trainees were treated prophylactically 
with sulphadiazine and half remained untreated, with a remarkable 
reduction in the morbidity of the treated as opposed to the untreated 
group. 

In yet another camp, where there was a complete turnover 
of personnel every four to six weeks, the men of one-half of the companies 
were put on a prophylactic regime of 0°5 g. of sulphadiazine daily for 
four months, the other companies being kept as untreated controls. 
In spite of the rapid turnover, the morbidity of the treated companies 
remained much lower than that of the untreated, and finally the men of 
all companies were given a daily 1 g. dose of the drug. The morbidity 
of the formerly untreated group then dropped to equal that of the 
treated. Coburn (1944) concludes that prophylaxis with sulphadiazine 
can prevent the implantation of haemolytic streptococcus in a recruit 
group in spite of the rapid turnover. He also thinks that sulphadiazine 
prophylaxis does not sensitise, the incidence of the reactions noted 
being 0:01 per cent. and in only one instance was the termination fatal. 
Finally, he suggested that short periods of prophylaxis are of no value 
in checking outbreaks or in eradicating the organisms from the carriers. 
Prophylaxis must be continuous, and not merely carried out for a few 
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days. He also concludes that this prophylaxis can check respiratory 
tract infections, can prevent their sequelae, such as rheumatic fever and 
can help the economy of a nation at war. 


Damrosch (1946) described his experiences in three United States 
naval training establishments where controlled chemoprophylaxis 
was carried out, The rising rate of streptococcal illness led to the 
introduction of sulphadiazine prophylaxis in 1 g. doses daily. At first 
the rates seemed to fall but subsequently there was a progressive failure 
of prophylaxis to control streptococcal illness, and investigations showed 
that this was due to an increased prevalence of strains of group A hae- 
molytic streptococci which were resistant to sulphadiazine, such strains 
being of types 17, 19 and 3. It could not be established whether 
resistance was acquired locally or was imported through small numbers 


of trainees who came from a unit where resistant strains were already 
known to exist. 


The rendering of the air of an occupied room safe for the occupants 
has during recent years assumed importance and remedies such as 
ultraviolet radiation, dust suppressive measures and the use of germicidal 
vapours of hypochlorous acid and propylene and triethylene glycol, 
have been tried with encouraging results,* The dust in the air is not 
only a carrier of pathogenic bacteria and virus but acts as a shield of 
protection for the air-borne pathogens against the means used for air 
disinfection such as ultraviolet radiation and germicidal vapours. 


Although pathogenic bacteria, associated particularly with respira- 
tory infections, have been shown to remain viable for considerable periods 
in dust after natural drying, concrete evidence of infection from dust-borne 
bacteria was scanty. Edward (1944) made an investigation of the haemo- 
lytic streptococcus content (total numbers and serological types) of dust 
in an ENT and eye unit of one hospital and in a children’s ward of 
another. He compared the dust streptococci with those isolated from the 
upper respiratory flora of patients and staff, to find out if there was any 
evidence of infection being derived from the dust. Weekly examination 
of the dust inoculated on gentian violet blood-agar plates, and of throat 
swabs from patients and staff on plain blood-agar were continued for six 
months in the ENT and eye unit of 23 beds, In the children’s ward, 
nose as well as throat swabs were examined for 29 weeks along with weekly 
samples of the dust of the ward. Group A haemolytic streptococci were 
isolated from 32 patients and nine nurses in the ENT and eye unit, and 
19 of these were apparently cross-infections, since no haemolytic 
streptococci or streptococci of different serological type were found in 
earlier swabbings. Haemolytic streptococci were present in the dust of 
the unit in numbers up to eight million organisms per gramme with a 
weekly average of just over 300,000 per gramme for the whole unit and 
674,000 for the ENT ward. Only 33 per cent. of 285 strains tested were 
Lancefield A, 27:7 per cent. were Lancefield G and 13:4 per cent. 
Lancefield G. There were wide weekly fluctuations in the total numbers 


1 Symposium on recent Advances in Medicine, P. 1315, reprinted by the United States 
Office of war information from the medical clinics of North America for November 1944- 
Published by W. B. Saunders Company, Philadelphia and London. i 
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of streptococci in the dust, and an increase was noted after a small out- 
break of cross-infections. Although similar types of streptococci were 
frequently found in the dust and in the swabs, yet streptococci of a type 
first demonstrated in the dust appeared later in the respiratory tract of 

atients only on two occasions, In the children’s ward, 75 (or 27°8 
per cent.) of 270 patients yielded haemolytic streptococci, and there were 
44 instances of cross-infection in 33 children. Of these 44 cross-infections, 
13 were accompanied by clinical symptoms (9 rhinitis, 3 sore throat and 
1 scarlet fever) and 31 were latent. The average number of streptococci 
in the dust samples taken from various parts of the children’s ward was 
251,000 per gramme, and the same wide fluctuations were noted as 
occurred in the ENT unit, although high counts did not always coincide 
with a high proportion of carriers in the ward. 


In one week’s examination, 14 million type 12 streptococci per 
gramme of dust were found in a four-bedded ward containing two heavy 
type 12 carriers, while on another occasion only 160,000 streptococci 
per gramme of dust were present under somewhat similar circumstances. 
About 80 per cent. of the dust streptococci found in the children’s ward 
belonged to Lancefield group A. When analysis was made of sero- 
logical types, it was again shown that the same types were present both 
in the dust and the respiratory passages of the patients. On five occa- 
sions, a particular type was isolated from the dust after its introduction to 
the unit in the throat of a patient, but not always from the same ward 
or room housing the infected patient. A heavy nose and throat carrier 
of type 8 apparently gave rise to clinical infection in six other patients of 
whom one was infected in the main ward after all the type 8 carriers had 
been isolated. As type 8 was present in the dust of the ward, this may 
have been an example of dust-borne infection. On the other hand, 
patients became infected with streptococcal types which were not pre- 
viously detected in the dust, while on 14 occasions types found in the dust 
failed to establish themselves in the patients’ throats. It was considered 
that visitors might have been responsible for the appearance of strepto- 
coccal types whose presence could not otherwise be easily explained. 


Anderson, Buchanan and MacPartland (1944) conducted experi- 
ments to control respiratory infections by oiling the floors in two army 
units A and B, each of which was a large training centre of strength 
varying from 1,300 to 1,700 and occupying one complete barrack. 
Floors in unit A were oiled by the method suggested by van Den Ende, 
Lush, Dora and Edward (1940), and those in unit B were left unoiled; 
the technique consisted in the application of a dust-laying preparation 
to the floor such as spindle oil which was a crude liquid paraffin obtain- 
able at low cost. Such applications were found to greatly reduce aerial 
contamination which generally accompanies ordinary sweeping. The 
amount of oil required to produce the effect was very small and the surface 
remained effective for at least ten days even if it was washed once or 
twice with lysol and water. In the experiment carried out, the oiling was 
repeated at intervals of four weeks. A record of upper respiratory in- 
fections was kept by the medical officers of the two units, who took care to 
make their diagnoses as comparable as possible; they recorded only those 
cases as positive who showed objective signs of disease such as obvious. 


RESPIRATORY DISEASES 593 


local signs or pyrexia. The average weekly respiratory infection rates 
per 1,000 men in Units A and B between Pieces 1949 and March 
1943 were 7 and 38, respectively. The difference between the two units 
was consistent, in that in no week did Unit B have less than four times 
as many Cases as Unit A. Between the middle of February and the 
first week of March 1943, the incidence of upper respiratory infection in 
Unit B rose to almost epidemic proportions, but no similar rise was 
noticed in Unit A. The regimental officers and men also welcomed the 
oiling of floors, as oiled floors were easier to keep clean. 


_ Lastly, the influence of overcrowding on respiratory illness may be 
considered. Breese, Stanbury, Upham, Calhoun, van Buren and 
Kennedy (1945) studied the sickness rates among groups of naval trainees 
who were housed in three types of barracks—those of permanent cons- 
truction, temporary wooden buildings and Nissen huts. After making 
corrections for season, length of training and population, so as to render 
the various groups comparable, they showed that upper respiratory 
tract infections occurred more frequently than expected in those barrack- 
rooms which had the greater number of men, and that the floor space 
and cubic capacity of the barracks had no apparent effect on such 
sickness rates. Further calculations produced the apparently contradic- 
tory conclusions that the more men there were in a room the more illness 
there would be, and that the more crowded the rooms were, as regards 
floor space and cubic capacity, the less illness there would be. The 
explanation lay in the fact that smaller barracks, with fewer men, were 
crowded, while the bigger barracks had more room but larger populations, 
and the dominant factor in the spread of illness was the size of the 
population. These findings indicate the necessity for partitioning big 
barrack-rooms. 


Among the measures suggested by Moore et al. (1942) for limiting 
the spread of pneumonia, chiefly when the cause was suspected to be a 
virus, were the isolation of the cases in hospital wards, cubicle screens 
separating adjacent beds, wearing of masks by the attendants, careful 
inspection of the camp personnel with the object of detecting and isolating 
cases promptly, adequate ventilation of the sleeping quarter, proper 
clothing for protection against weather, prevention of large gatherings in 
enclosed buildings and separation of camp personnel from infected 
communities outside. 
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CHAPTER XXVII 
Rickettsial Diseases 


EPIDEMIC OR LOUSE-BORNE TYPHUS 


Many of the pestilences of ancient times and the Middle Ages 
were possibly due to typhus fever. Frascata gave recognisably accurate 
description of the disease in the sixteenth century. It was prevalent in 
epidemic form throughout the duration of Napoleonic wars and did not 
begin to subside until the conclusion of peace after the battle of Waterloo 
in 1815, Severe epidemics have occurred during every great war in 
Europe, and during World War II epidemics were noted among the 
prisoners of war and others in Poland and Russia. 


In World War I, the Serbian epidemic of 1915 was one of the most 
severe which had occurred in modern times. During the height of the 
epidemic, the number of new fever cases entering the military hospitals 
was 2,500 per day and the number reported among the civilians was 
three times as much. The mortality varied from 30 to 70 per cent. 
Poland and Russia have for many years been recognised as endemic 
centres of typhus. During the Italian Campaigns in Abyssinia in 1935, 
Castellani reported that there were at least 20,000 cases of typhus fever 
among the Abyssinian troops, but not a single case developed in the 
Italians among whom rigorous cleanliness was enforced. In 1909, 
Nicolle, in North Africa, demonstrated that the disease was transmitted 
by lice. Typhus has occurred in epidemic forms in Syria, Palestine 
and all the countries of North Africa. Until recent times, Equatorial 
Africa was free from louse-borne typhus, but in 1932 an epidemic 
occurred in Uganda, especially in the portions of districts lying above 
5,400 feet. In North Africa during January to September 1942, the 
following numbers of cases were reported: Algeria, 34,550; Egypt, 22,530; 
Morroco, 25,580; Tunis, 15,850. In 1943, 40,000 cases were recorded 
in Egypt. In Asia, the affected regions have been in the northern half 
of the continent, and the disease extends southward to the mountainous 
regions of Iran, Afghanistan, India, southern Indo-China and south- 
western China. It will thus be seen that typhus fever occurs in widely 
separated regions. 


Fortunately, it was not a serious problem for the Indian and 
British troops during World War II, and its control was, in fact, one of 
the greatest triumphs of preventive medicine. During the first seven 
months of 1943, 118 cases occurred among the Indian troops and 42 
among the British in Iran and Iraq. The disease had spread from the 
civilian labourers employed on military works. Nearly all the cases were 
sporadic and the mortality rate was about 22 per cent. The typhus 
fever among the Indian and British troops in Iran and Iraq conformed 
closely in most respects to the pattern seen in the Mesopotamia Campaign 
of 1917-18. Considering the degree of exposure to infection, the inci- 
dence among the troops was low—0-78 per 1,000 during the first seven 
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months of 1943. A Cox-type vaccine was available for about one-fourth 
of the troops, including personnel exposed to special risk. Among the 
vaccinated subjects the incidence was 0°37 per 1,000; among the un- 
protected it was 0°91 per 1,000. Only two deaths occurred among the 
51,000 protected against 33 among the 155,000 unprotected (Sachs, 
1946). No attacks occurred later than six weeks after the third dose 
of vaccine had been given. , 


The relative freedom from epidemic typhus of the population in 
India is probably due to the small amount of clothing worn and habits 
of personal cleanliness of the greater part of the population which reduces 
the chances of harbouring the transmitting louse. Yet outbreaks have 
occurred frequently in the colder regions and quite an extensive epidemic 
occurred in the north-west of India when nearly 800 cases were reported 
among the labourers engaged in constructing an air landing ground on 
the Persian L of C during the war. Typhus fever continued to be 
reported in the India Command throughout 1939-45, but it is difficult 
to say what proportion of them was louse-borne. 


The typhus group of fevers was classified in the following sub- 
groups; OX2; OX19; OXK and clinical. The number of cases 
diagnosed as clinical typhus was always considerable though towards the 
end it was reduced owing to the greater utilisation of laboratory facilities. 
The division into different sub-groups in the India Command was based 
on the assumption that the presence of high OXK agglutinins was indica- 
tive of scrub typhus; high OX2 or high OX2 and low OX19 agglutinins 
indicated tick typhus; and high OX19 agglutinins indicated murine 
typhus. The previous assumption that classical epidemic louse-borne 
typhus existed in India was based on clinical findings and Weil-Felix 
results, neither of which could definitely differentiate between epidemic 
and murine typhus. No strains of Rickettsia prowazeki’ were isolated. 
On the other hand murine typhus had definitely been shown to be present 
in a number of places in India by the isolation of Rickettsia moosert from 
man and rodents, The presence of murine and absence of classical 
typhus had also been confirmed by rickettsial agglutination and com- 
plement fixation tests on sera examined since 1944. All cases of high 
OX19 agglutinins, except those from Kashmir were, therefore, presumed 
to be murine typhus. 


Man appears to be the sole reservoir of infection, the disease being 
passed from one human being to the other by Pediculus humanus chiefly 
the body louse Pediculus corporis and sometimes the head louse Pediculus 
capitis. During the inter-epidemic period, the disease appears to be 
kept alive by mild unrecognised cases, chiefly among the children and 
young adults. The louse is generally infective from the fifth to the tenth 
day after biting a case of typhus fever, and then remains infective for the 
rest of its life, which is, however, short as the louse itself is killed by the 
multiplication of rickettsiae and rarely lives more than 12 days after 
infection. R. prowazeki does not invade the salivary glands of the louse, 
but it is discharged during active feeding in great numbers in its excreta, 
and infection occurs probably by the bite puncture becoming soiled with 


1 Strains of R. prowazeki were isolated in Kashmir from patients and lice in 1948. 
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faeces and fluids from the crushed bod i i i 
- y during scratching. The dried 
faeces of infected lice contain enormous Borre A of rinkertsia, and the 


possibility of infection through contact with such material or by inhala- 
tion has to be borne in mind, 


Preventive Measures: The most important measures followed in the 
army for the control of epidemic typhus fever were: providing facilities 
for taking baths, regular inspection of the troops and disinfestation of 
those found lousy. Louse-borne typhus was hardly of any consequence 
in campaigns conducted in tropical regions such as Burma, Malaya, 
etc., but in Iran and Iraq, where the winter temperature often was quite 
low, the threat of typhus epidemic was always present. ‘There were 
large numbers of Indian troops in Iran and Iraq from 1940 to 1943, 
and during the first two years bathing and laundry facilities for them 
were very inadequate. In the early part of 1942, a few cases of typhus 
fever occurred in the Tenth Army. Almost all the units in Paitak and 
Sar-i-Pul Zuhab area in Iran as well as ten units in the Baghdad area 
were found to be heavily infested with lice. Among the Indian troops 
in the Kirkuk area in Iraq almost 100 per cent. lice infestation was present. 
‘The 10th Indian Division at Basra presented a similar picture. At this 
time the army found itself equipped with nothing but the TOT dis- 
infectors and two Milbank hot air disinfectors attached to recently arrived 
bath units. Throughout the whole of 1941, the supply position in this 
respect had remained unsatisfactory and in certain areas local hamams 
had to be hired out or other arrangements improvised for bathing. 
N.C. 1 powder and vermijelli were ordered, and regular inspections for 
vermin infestation carried out in all units. Although the Baghdad area 
was provided with a large number of brick structures intended to provide 
troops with hot showers, yet only two were found in working order. The 
remedy appeared to lie in the provision of ‘ Steer-Jameison ° bath units 
at the rate of one set per brigade and recommendations were made to 
that effect. Mosul and Basra had only two bath units to deal with a 
severe infestation among the troops. Even one of these was earmarked 
for duty in the Caspian ports. Although the local hamams were used, 
yet some of the troops found it necessary to have baths in hotels on 
payment. 

By February 1942, some improvements in the provision of 
bathing facilities were made mostly owing to the utilisation of all 
the local hamams to their full capacity and to local ingenuity in 
providing hot water appliances. Most men were now assured of 
two hot baths per week. The R. E. (Martin type) bath houses as 
built in Baghdad could not deal with more than 40 to 50 persons 
per hour, In the mobile bath unit functioning at Mosul 4,058 IORs 
and 334 BORs were given baths per month, and in addition 3,965 kits 
were disinfected. Similarly the bath unit at Paitak could provide 
baths for 2,221 IORs and 437 BORs during the month in addition to 
disinfecting 1,681 kits. In Basra and Shuaiba, it became necessary to 
construct simple brick and cement bath houses, hot water being provided 
in tins from the heaters. By April 1942, a central disinfection station 
had been put in commission at Shuaiba. The M.K. III type of dis- 
infector was found most effective, and the Milbank type the least for 
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work under conditions prevailing in 1942 at Pahlevi, where 5,000 Polish 
refugees had to be disinfected daily and several thousands were still 
waiting. In November 1942, the shortage of mobile baths, laundries, 
disinfectors and disinfestors was still felt in the Iran and Irag areas. 
The difficulties were due to changes of the force in the line of supply— 
formerly under India, later under MEF and finally under the War Office. 
These changes led to disorganisation in the chain of supply, particularly 
as regards time. Requirements took four months or more to arrive 
from the United Kingdom, and throughout the whole of 1942 there was 
great shortage of disinfectors and disinfestors. Orr's huts were improvised 
and Serbian barrels were tried as far as possible. A few cases of typhus 
fever, however, continued to occur among the troops in widely scattered 
areas generally due to contact with the civilian population and they 
were mostly among the railway construction and operation companies. 
Inoculation of persons likely to come in contact with civilians was, there- 
fore, carried out with Cox’s vaccine in three doses at intervals of a week. 
Mention has already been made of the inoculation of one-fourth of the 
force with Cox’s vaccine in 1943 as a protective measure. 


In the month of April 1943, 23 cases of typhus fever among the 
Indian troops and 1] among the British troops were noticed. At that 
time a most alarming report was received from Teheran intimating that 
some 40,000 cases of typhus fever existed among the civilian population. 
An urgent appeal from the Iranian Government was received 
through the British Embassy for aid from the military, particularly 
as regards hospitalisation. The DMS opened a 1,000-bedded IGH 
for the reception of civilian typhus cases in Teheran. The DDH 
of the Persia and Iraq Force proceeded to Teheran to advise on the 
preventive measures and to make a survey of the situation, His rough 
estimate was that the number of sufferers was in the neighbourhood of 
10,000. The winter season had lasted that year much longer than 
normal. Evidence of lowered resistance to disease was apparent in the 
civil population on account of malnutrition and vitamin deficiency. 
The shortage of bread was held to be partly responsible for this, but the 
shortage did not result from lack of wheat. The real cause was lack of 
oil or other fuel for preparing the bread. The scarcity of oil was caused 
by the commandeering of all the methods of transport for the carriage of 
lease-lend aid to Russia with the result that the needs of the civil popula- 
tion were seriously neglected. Before the war the oil was cheap and 
plentiful in Iran and the heating arrangements in all the hamams were 
based on oil as fuel. Many hamams had to close down owing to 
the failure of oil supply with the consequent lowering of the standards 
of personal cleanliness of the community. The threat of the spread 
of typhus from the civilian to the military population was then so great 
that it was decided immediately to release transport for the conveyance 
of oil for the needs of the civilian population. This illustrates how 
disregard of the needs of civilian p3pulation, however inadvertent or 
pressing the reasons be, can have serious repercussions on the health 
of troops. 

_ The use of insecticidal powder ‘AL 63° evolved in 1940, which 
consisted of naphthalene and derris root was found effective but it was 
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ultimately superseded by DDT. The United States Army used MYL, 


as insecticidal powder, which contained ethrum. Although DDT 
was first synthesised by Zeidler in 1874, yet it was not until 1940 
that its insecticidal properties were appreciated. Its chief advantages 
were chemical stability and low volatility together with its relative safety 
for men. An important advantage of DDT over lethane was that it 
was not readily washed out of impregnated garments. Towards the end 
of 1943, the Allied armies in Naples were confronted with a severe 
epidemic of louse-borne typhus. The disease continued to rise in 
January 1944, and by that time 1,600 cases had occurred. The part 
played by DDT in checking the Naples epidemic is well known (Wheeler, 
1946). It was used as a 10 per cent. dust at the rate of 1-14 ozs. per 
person, and this could be blown up the arms down the neck and up the 
trousers or skirt, without undressing the infested person by means of 
mechanical blowers such as Dobbin (Superbilt) Duster or the Hudson 
(Admiral). The powder was blown between the skin and the inner 
layers of clothing, and between the outer layers of clothing; bedding 
and spare clothing were also dusted when necessary, The American 
Typhus Commission was thus able to treat up to 70,000 persons in a day. 
With the help of garments impregnated with DDT, the troops engaged in 
fighting in Europe after D-Day were kept practically free from lice. 


MITE-BORNE OR SCRUB TYPHUS 


State of Knowledge about Scrub Typhus when Hostilities Began: Before 
considering the incidence of scrub typhus in Burma in some detail and 
the contribution made to the knowledge about this disease by various 
research workers, it may be desirable to review the state of knowledge 
about scrub typhus as it existed at the commencement of hostilities. 
It will then be possible to appreciate how the various problems that arose 
were tackled. Before proceeding further it must be stated that most 
of the information given in subsequent paragraphs in respect of the 
epidemiology of scrub typhus is derived from the reports of war-time 
investigation prepared by Lieutenant-Colonel J. R. Audy, RAMC, and 
published in mimeographed form by the War Office (1947). Material 
from these reports has been freely drawn or reproduced. 


The existence of scrub typhus in South-East Asian and Pacific 
regions was common knowledge. That man became accidentally in- 
fected with Rickettsia tsutsugamushi (Rickettsia orientalis) which was 
symbiotic on certain trombiculid mites and which produced silent or 
inapparent infection among the small mammals was also known. The 
parasitic nature of the mites on these mammals and the patchy distribu- 
tion of scrub typhus were among the known facts. 


Endemic foci had frequently been reported in the river valleys 
of Japan, whereas in Malaya scrub typhus was recognised to have a rural 
distribution, persisting in circumscribed areas of waste, grass covered 
grazing grounds and in neglected estates, thus contrasting with the urban 
distribution of flea-borne typhus. In Formosa, the disease was known to 
be particularly frequent in valleys, neighbourhood of villages and planta- 
tions, and also apparently in the forest, while in the nearby Pescadores, 
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scrub typhus was ‘domestic’ and confined to grassy patches in the 
gardens. The occupational incidence in the latter was mostly confined 
to children, whereas in the former the affected group was composed 
mostly of adult males whose occupations of farming, foraging or fighting 
brought them in contact with infected areas. The disease was observed 
to have a strictly seasonal distribution in Japan and Formosa, but this 
was apparently not so in Malaya. 


The two important vectors of the disease were known as Trombicula 
akamushi (Leptotrombidium akamushi) and Trombicula deliensts (Walch 1923)?, 
and they were so closely related that they were regarded by some as 
variants of the same species. In addition, certain other species of the same 
genera were suspected of carrying the disease, and one of these Schongastia 
schufíneri (Walch), was incriminated as a vector in a solitary and excep- 
tional instance. This common scrub itch mite attacks man in large 
numbers without carrying scrub typhus. It was also known that larval 
mites alone were parasitic, while the adults and nymphs were vegetarian, 
living in the soil and feeding on decaying organic matter or plant juices. 
Further, it was inferred that because the larvae fed but once on lymph 
or the products of histolysis of the skin of their hosts, infection must, 
therefore, be transmitted hereditarily or transovarially from parent mites 
to their offsprings, and in the case of T. akamushi this was proved to be so 
by Japanese workers. R. tsutsugamushi had been recovered from infested 
voles and rats in Japan and Malaya, and the locally prevalent hosts were 
generally considered to be reservoirs of infection. A major difficulty in 
the investigation of the disease lay in the virus-like nature of the organism, 
which necessitated an elaborate laboratory technique and considerable 
experience for its establishment. ‘That strains of R. tsutsugamushi differed 
slightly from place to place was suspected because of the locally varying 
incidence of primary lesions and other clinical features. A variety of 
vectors had been suspected for the same reasons. This then was the 
situation at the beginning of hostilities, and it was evident that there were 
many gaps in the knowledge. 


From the point of view of the epidemiologist in the Indo-Burma 
theatre there were many points to be clarified. The first was the con- 
firmation of the identity of the disease in operational areas. As regards 
the distribution of the disease practically nothing was known which would 
allow of even guess work in the estimation of casualties, while knowledge 
about its relationship to terrain was hazy and uncertain. The vector or 
vectors in the Indo-Burma theatre were not known and it was not even 
considered safe to assume that the vector was a mite. The bionomics 
of the mites had hardly been studied. The adults and nymphs were 
thought to be vegetarian, while practically nothing was known about the 
habitats of the vectors. Even the classification of the trombiculid mites 
was unsatisfactory. The importance of rats and other mammals as 
reservoirs was not established and all opinions rested on hypothesis. 
There was practically no knowledge about the species of rodent con- 
cerned in this theatre. In the early stages of investigation during the war 


e. a T. deliensis had been reported from Simla and incriminated as a vector of 
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ee seat ee picture was rather confused, and the widespread 
natu se was not known with the result that ther h 
incidence among th i m men A 

} g the units which entered the endemic areas. The 
disease was even encountered in areas which had been previously consi- 
dered fairly free, such as Calcutta and Ceylon. The number of cases 
recorded by the health authorities in Ceylon during the preceding decade 
was so small that there was no reason to suspect any hyperendemic areas 
there. An increasing number of different vectors were described or 
suspected in the Pacific theatre. Even ticks had come under suspicion, 
while several new species of mites were described and shown to be 
vectors but later found to be local representatives of either T, akamushi 
or T. deliensis. Outbreaks were ascribed to a bewildering variety of 
terrain although many workers in New Guinea had noted the particular 
incidence of the disease in patches of kunai grass (a tall thatch grass) and 
In association with narrow belts of forests following water-courses and 
flanked by kunai. A consideration of the epidemiological features of an 
outbreak in Ceylon had made Audy to suggest a casual relationship 
between the occurrence of typhus islands of infection and the primitive 
methods of cultivation, known as chena in Ceylon. 


Scrub typhus assumed considerable importance on the Burma front 
during the last three years of the campaign. In the first half of the year 
1942, when the Indian and British troops were retreating to India after 
the Japanese capture of Burma there was no indication of the seriousness 
of the problem with which the invading army would later on be con- 
fronted on account of the casualties from scrub typhus. The sharp and 
localised outbreaks, which occurred among the patrols or the troops en- 
gaged in exercises or minor skirmishes on the border, soon made it clear 
that urgent provision had to be made for combating the menace of this 
disease in future campaigns. The extent to which the disease prevailed 
in Burma was not known nor as stated above were the various factors in 
its epidemiology upon a knowledge of which a scheme for control could 
be based. In these circumstances an intensive study and research had 
to be undertaken for the elucidation of the various problems and this 
involved setting up of research organisations and collaboration among 
workers separated from each other by thousands of miles. 


Incidence in the India Command (1939 to 1943): The occurrence of 
scrub typhus or typhus fever of the OXK type in the Army in India 
had been known for some years and the Annual Report on the Health of 
the Army in India for the year 1938 shows that 27 cases of the OXK type 
occurred in that year, 13 among the Indian and 14 among the British 
troops. In 1939, the number of cases of the OXK type recorded was 31. 
The regional incidence (actual number) of typhus fever by types during 
1939 is shown in Table 1. 


The recognition of the clinical disease and its confirmation by sero- 
logical investigation was probably far from complete, though by 1934 the 
Weil-Felix reaction had come into general use In the military labora- 
tories of India (Seaton and Stoker, 1946). 


Among the early records of this disease_in South and Central 
Burma atte be mentioned 109 positive Weil-Felix tests obtained by 
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TABLE I 


Distribution of different types of typhus fever cases—Indian and British troops 
by commands—1939. 





























Northern Eastern Southern | Western 
Command | Command | Command | Command Bu 
Tye => ES 
Ind- | Bri- | Ind-| Bri- | Ind- | Bri- | Ind- SE 
ian | tish | lan | tish | ian | tish | ian 
OXK 7 | 7 5 | 3 | 7 EN 
OX19 11 a 2 11] 3 97 
OX2 | 1 E 3 2 8 
Unclassified ES 3 l 2 gs 7 
Total for | | | 
1939 19 | 8 ¡10 |18 | 14 mw 73 
Total for | | i 
1938 .. 29! 7 | 9 113 14 | 9 , | al 




















Maitra and Sen Gupta (1936) (quoted by Audy, 1947) during the course 
of routine examination of sera from cases of prolonged fever sent to the 
Pasteur Institute, Rangoon during 1934-36. The first outbreak of scrub 
typhus that attracted attention occurred in September 1941 in 
Central Burma, when 114 cases were admitted to military hospital within 
a week in a unit, which had moved from Mandalay and passed through 
Meiktila on lts way to the camp at Thazi near a village Kanzwe. The 
infection was actually acquired when occupying a staging post immediate- 
ly south of Mandalay in the Myitnge—Kyaukse area. Owing to the 
presence of lice on the personnel, the disease was at first wrongly presumed 
to be epidemic typhus. Of the cases 79 per cent. showed agglutination 
of Proteus OXK in significant titres. 


That scrub typhus could assume military importance was, for 
the first time, realised when in the eastern zone a force of 1,059 Royal 
Marines, which landed on Addu Atoll on 8 October 1941, suffered heavy 
casualties (Hay, 1944). Addu Atoll is in the southernmost of the 
Maldive group of coral islands, 40 miles south of the Equator in the 
Indian Ocean and more or less on the same latitude as Singapore. The 
first case of what was then designated as pyrexia of unknown origin 
occurred on 18 October 1941, followed by others on 20 October 1941 
and almost daily thereafter up to 20 November 1941. In all 48 cases 
had occurred and these were treated in a tented hospital on shore. At 
that time the hospital ship Vita arrived. Five cases, which had apparently 
been cured had already been discharged from the hospital and one had 
died owing to broncho-pneumonia arising in the second week of illness. 
The remaining 42 cases were admitted to the hospital ship Vita for 
treatment. Between 21 and 30 November 1941, another 50 cases were 
admitted to the hospital ship. Surgeon Lieutenant-Commander C. P, 
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ad RNVR, who investigated these cases came to the conclusion that 
a y es scrub typhus on clinical grounds and Weil-Felix test. Towards 
; soe y part of January 1942, the Royal Marines were replaced by the 

st Indian Coast Battery. In that very month, 21 cases of typhus occurred 
eee: them and cases kept on increasing with the strength of the garrison. 

n July 1942, 12 cases of scrub typhus were reported from Deigo Garcia, 
another coral island in the Chagos Archipelago, where the Indian troops 
and the Royal Marines had been stationed. In the Indian garrison at 
Addu Atoll, 582 cases occurred in 1942, 382 in 1943 and 92 in 1944, 
thus giving a total of 1,056 cases with 24 deaths. The death rate was 
nearly 2:4 per cent. During the same period the total number of cases 
among the BORs was 21 with no deaths. In Deigo Garcia 85 cases were 
noted among the IORs without any death. 


_ The impending crisis in the Far East and the consequent need of 
sending large numbers of British forces to Burma and Malaya had 
brought the menace of scrub typhus to the notice of the War Office, 
and in December 1941 a conference was held between the War Office, 
the MRC and the Director of Pathology of the Australian Army. At 
this conference it was decided that Dr. R. Lewthwaite, the senior patho- 
logist and acting director of the Institute of Medical Research, Federated 
Malay States, should fly to Australia taking with him laboratory animals 
infected with scrub typhus for the purpose of producing vaccine on a 
large scale. During 1942 Burma fell and the Indian and British troops 
retreated to India by the end of summer. It is difficult to say to what 
extent the retreating forces suffered from typhus, as laboratory facilities 
were then meagre and medical officers were generally not familiar with 
the disease. The following table will, however, give some idea of the 
incidence of typhus group of fevers in the Eastern Army during 1942:— 


TABLE Il 


Comparative incidence (rate per 1,000) of typhus fever—VCOs & IORs and 
BORs—Eastern Army and India Command—\942. 


A 








Troops Eastern India 

Army Command 
VCOs & IORs i 0:3 0-1 
BORs as ra 0:7 0'4 








From June 1942 onwards, cases of typhus fever began to be notified 
in the Calcutta area. In a British battalion stationed in Calcutta 16 
cases occurred in the autumn of that year. Nearly all the cases showed 
well marked agglutination of Proteus OXK. In the autumn of 1943, 
58 cases were reported among troops operating near the village of Jhin- 
gergacha, about 80 miles from Calcutta. Most of them were of the OXK 
type. The troops were occupying an area which had been vacated by 
the local population and which consisted of patches of cultivated land 
and bamboo clumps cleared by the troops. Sporadic cases from different 
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units stationed in Calcutta were reported throughout 1943 and their 
number was 130. A number of these cases were found to agglutinate 
Proteus OXK. Table III shows the comparative incidence of typhus 
fever among all troops during 1942 and 1943 in the India Command and 
Eastern/Fourteenth Army. It is clear from this table that the rates for 
typhus fever in the India Command were low and in marked contrast 
to those of the Eastern/Fourteenth Army during 1942 and 1943, 


Tarte III 


Comparative incidence of typhus fever —All troops—India Command and Eastern] 
Fourteenth Army—1942 and 1943. 











India Command Eastern/Fourteenth Army 
Year O a 
Actual Rate per Actual Rate per 
number 1,000 number 1,000 
1942 .. 69 oil | 64 0-33 
1943 .. 220 0:25 | 468 1:05 





TYPHUS RESEARCH ORGANISATION IN THE EASTERN THEATRE 


By the end of 1943, the widespread existence of the disease in 
Manipur State and parts of Burma had become known and cases of 
typhus had also been reported from the jungle training camps of the 
Nilgiris, Chindwara forest and Deolali area. The menace of scrub 
typhus to troops during military campaigns in Burma was then so well 
recognised that the SEAC made an urgent request in November 1943, 
to the War Office for assistance in combating it. During the following 
month, a very serious outbreak of scrub typhus resulting in 756 cases 
occurred in a brigade of the 11th East African Division. A conference 
of the medical officers of the SEAC was held in Ceylon in February 
1944, presided by Surgeon Rear Admiral G. D. G. Ferguson, RN, 
and among those who attended were Major-General T. O. Thompson, 
Lieutenant-Colonel B. L. Taneja and Lieutenant-Colonel M. P. H. Sayers. 
This conference suggested the formation of a research team. In the spring 
of 1944, decision was made by the War Office to send Dr. R. Lewthwaite, 
a member of the Typhus Research Committee of the MRC who had been 
seconded to the War Office, to the SEAC to act as a field director of the 
MRC Scrub Typhus Commission to which Dr. K. Mellanby, Ph.D. 
and Squadron-Leader C. D. Radford, RAF, were also appointed. The 
terms of reference of the commission were to review the information 
available and to define the extent of the scrub typhus problem; to advise 
the Supreme Alied Commander South-East Asia and the Commander- 
in-Chief, India, on the practical measures which could be taken for its 
solution, having regard to operational requirements; to co-ordinate where 
necessary research on scrub typhus in India and the SEAC and to ensure 
that workers in the affected areas were kept informed of the development 


s 
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elsewhere. In July 1944, a field typhus research team was formed by 
the GHQ, under Major S. L. Kalra, IMS/IAMC. About that time, 
the Typhus Research Commission arrived at the headquarters of the 
Supreme Allied Commander South-East Asia from the United Kingdom 
and in due course a field laboratory was established at Imphal under 
Lieutenant-Colonel J. R. Audy, RAMC, in November 1944, to study epi- 
demiological factors. It was an ALFSEA unit and was called the Scrub 
Typhus Research Laboratory. The field research team under Major 
Kalra proceeded to Ceylon in September 1944, and thence to Addu 
Atoll where it started work in November 1944. During the following 
month Squadron-Leader Radford joined it. Shortly afterwards it 
became evident that the wide dispersal of the available specialists was. 
unprofitable so the GHQ Research Team was withdrawn from Addu 
Atoll at the end of February 1945 and ultimately merged with the main 


laboratory at Imphal in April 1945. The staff of the team then was as 
follows :— l 


Civilians: 
Dr. K. Mellanby—Deputy Field Director, MRG Typhus Commission. 
Dr. H. C. Browning—Experimental Biologist. 
Mr. K. L. Cockings—(Friends Ambulance Unit) Assistant Experimental 


Officer for breeding mites. 
Mr. T. M. Gordon—-Associate of Dr. H. €. Browning. 


Service Personnel : 


Lizutenant-Colonel J. R. Audy, RAMC—Officer Commanding, Scrub 
Typhus Research Laboratory. 
Squadron-Leader C. D. Radford, RAF—Entomologist. 
Flight-Lieutenant A. A. Bullock, RAFVR-—Botanist. 
Major H. M. Thomas, RAMC,-—Experimental Biologist. 
Captain H. C. Steward, RAMC,—Administrative Officer and Quarter- 
master. 


GHQ (India) Field Typhus Research Team: 
Major S. L. Kalra, IAMC —Pathologist and Officer Commanding 
GHO (India) Field Typhus Research 
Team. 

Major M. L. Roonwal, IAMC—Deputy Director, Zoological Survey of 
India, on secondment as mammalo- 
gist. 

Technicians and General Duty Personnel: 

12 NCOs. 


BASE TYPHUS RESEARCH TEAM 


In 1945, a base typhus research team was formed under the com- 
mand of Major D. R. Seaton, RAMC, and located in the Central 
Military Pathology Laboratory, Poona. The primary function of this 
team was to act as an intermediate laboratory between the workers in 
the forward areas and research laboratories in the United Kingdom, 
Canada and the USA. The officer-in-charge was instructed to develop 
methods of maintaining strains of rickettsiae isolated from outbreaks of 
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different areas. Investigations were also carried out by means of 
immunological tests, complement fixation and rickettsial agglutination 
tests to determine the relationship between different strains of rickettsiae 
isolated. Major D. R. Seaton accompanied by Major S. L. Kalra, 
IAMC, of the Field Typhus Research Team was sent to the Central 
Military Pathology Laboratory, Cairo, in 1944, to work with Major 
C. E. van Rooyen, RAMC, and study the technique to investigate typhus 
fever in the Middle East. 


STATE OF ALARM AMONG TROOPS AT RISK OWING TO IGNORANCE ABOUT 
THE CAUSATION OF SCRUB TYPHUS 


Meanwhile the incidence of scrub typhus had reached alarming 
proportion, and 3,000 cases had occurred from July 1944 to October 
1944 in the Fourteenth Army alone. (MRC 1939-45). The mortality 
had varied from 5 to 20 per cent. In the impending campaigns much 
larger number of troops were to be employed, and there was considerable 
fear among the troops at risk, as ignorance about the role of mites in the 
spread of disease had created an atmosphere of mystery about the out- 
breaks. The immediate need was to dispel fear by spreading information 
about the causation and prevention of scrub typhus. A film was prepared 
under the technical direction of Dr. K. Mellanby showing the life 
history of the mite, its habitat, the technique of certain counter-measures 
and other connected matters. The anti-malaria organisations were 
utilised to disseminate information regarding preventive measures and 
lectures, talks and interviews were arranged for the same purpose 
whenever opportunities presented themselves for it. 


WORK OF | FIELD TYPHUS RESEARCH TEAM IN ADDU ATOLL 


Addu Atoll had no regular monsoon season, and the rainfall was 
more or less evenly distributed over the whole year. The temperature 
and humidity hardly showed any variation during the year. In spite of 
the peculiar uniformity of climate, the typhus season was the same as 
in those countries subjected to monsoon influence, i.e., from July to 
September. The indigenous population was found to enjoy a consider- 
able amount of immunity. No cases of clinical typhus were observed 
among them though a separate ward was opened to admit civilian cases. 
Weil-Felix tests carried out on 355 persons of both sexes and all age-groups 
out of a total population of 2,000 showed a higher percentage of positives 
in a dilution of over 1 in 80 when compared to normal population in 
other areas. It was also demonstrated that a rise of OXK, OX19 and 
OX2 agglutination did not occur during pregnancy. No cases of typhus 
occurred on the island during the stay of the team and no rickettsiae could 
be isolated either from mites or rats. On the island itself no other 
known vector of typhus except T. deliensis was found and it was considered 
that circumstantial evidence to incriminate this mite was fairly con- 
clusive. The following mites of importance were found in Addu Atoll:— 


(1) T. deliensis 
Hosts: (a) Rattus species; (b) Shrew. 
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A Adults were found in the soil, in the most shaded soils, 
in the compounds of houses and outside but not in land within 
l the area subject to the influence of salt spray from the sea. 
(ii) Euschongastia (Laurentella) indica (Hirst 1915). 


Larvae found on rats and the adults in the debris of the 
dead leaves and flowers at the tops of coconut palms. 


(iii) Schongastia maldiviensis (Radford 1945). 


Larval host—Lizard (calotes versicolor) and occasionally 
brown rat, 


Five other species of mites were found, but they were regarded as being 
of no importance to the disease. Only one species of rat and one 
species of shrew were found in the island, 


SCRUB TYPHUS INVESTIGATIONS IN SEAC 


Scrub Typhus Vector Seasonal Incidence and Geographical Distribution : 
On epidemiological grounds T. deliensis was considered to be the vector 
in lower Burma, in the Kumaon region of the Himalayas, in the 
Jubbulpore, Bangalore and Jammu areas of India, in Ceylon and the 
Maldive islands. There was also evidence to support that T. deliensis 
was the vector in Assam and Manipur. The USA Typhus Commission 
working at Myitkyina amongst the USA and Chinese troops established 
T. deliensis as the vector of scrub typhus in the North Burma and Assam, 
and also demonstrated the transovarial transmission of infection in that 
species. T. deliensis showed widest distribution of all the trombiculid 
mites extending from the North India and the Indian Ocean islands to 
Queensland and Japan. The only other species which had such a 
widespread distribution was Euschongastta (Laurentella) indica «which, 
however, was not known to bite men and was rare in the endemic areas 
around Imphal. 


In the Imphal-Tamu area in 1945, the seasonal prevalence of larvae 
of T. deliensis was found to be not only very marked but was followed very 
closely by the case incidence of scrub typhus. The case incidence in 
Burma and Assar in 1944 and in Burma in 1945 was also found to follow 
the same trend. In all the infected areas investigated, T. deliensis was 
found in all the pin-pointed typhus “islands” as the dominant species, 
Strains established as R. tsutsugamushi were recovered by Kalra (1947) 
from the larvae of T. deliensis taken from the ears of wild rats. Eight 
strains were recovered from the following mites in the Indo-Burma 
theatre as shown below:— 


(i) Two batches (250 and 300), apparently of larvae of 7. deliensis 
alone, taken from rats’ ears, from * Mite Hill’ (Indo-Burma 
border) and Palel. 

(ii) Two batches (14 and 20) of larvae of T. deliensis during the course 
of an attempt to infect mites experimentally. 

(iii) Four batches (60, 79, 100 and 300) of the larvae of T. deliensts 
together with a small number of other species, also taken 
from rats? ears, from Moreh (Tamu) and Palel. 
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As a result of accumulated knowledge and research, T. akamushi 
and 7. deliensis were recognised as the two most important vectors in the 
transmission of scrub typhus in many eastern countries. The reasons 
which led to such a conclusion were based on all or some of the following 
grounds :— 


(i) Epidemiological evidence (seasonal incidence), coincidence of 
infections and infestations of man, and usually heavy infestations 
of local rodents in typhus islands. 

(ii) Recovery of strains of R. tsutsugamushi from crushed mites. 

(iii) Being found attached to man in whom an eschar later developed 
on the site and was followed by an attack of scrub typhus 
or being found attached to man who developed scrub typhus 
within normal incubation period. 


(iv) Having caused infection to laboratory animals by attachment. 


T. akamushi was shown to have distribution in Japan, Formosa, Pescadores, 
Philippines, New Guinea, South-West Pacific islands and above Malaya. 
In the case of Japan all the four conditions mentioned were fulfilled, 
whereas in Malaya the evidence was based on epidemiological considera- 
tion and the presence of the mite on the person suffering from scrub 
typhus. The distribution of T. deliensts included such countries as India, 
Burma, Ceylon, Malaya, Maladives, Dutch East Indies, Philippines, 
South-West China, Queensland, South-West Pacific Islands and New 
Guinea. In India the evidence was confined to epidemiological consi- 
deration and recovery of strains of R. tsutsugamushi from mites; in Mani- 
pur and North Burma, in addition to such evidence, further proof was 
available by successful experimental infection of laboratory animals 
and in lower Burma the evidence was mostly epidemiological. One 
striking feature was the very widespread distribution of T. deliensis from 
Queensland to Philippines and from India to the Maladives. 


Wherever T. deliensis occurred it was found to be the most populous 
species during the monsoon. In the Imphal area during the monsoon 
it was not uncommon to find 70 to 90 percent. or more of rats infested 
with this species, with an average of 100 to 200 larvae per infested rat 
and in a heavily infested site this rate of infestation could be maintained 
for some four months. The feeding time of the members of trombicula 
generic group appeared to be two to four days and the annual turnover 
of T. deliensis was calculated to be roughly 3,000 to 4,000 larvae per wild 
rat or even more. T. deliensis did not appear to have any marked 
preference for any host and could even attach itself to an unnatural host 
.such as man. Nevertheless, it was found that though common on all 
species of rat, bandicootes, tree shrews and squirrels, T. deliensis was 
seldom found on mice in Burma and the Imphal area. It was noted by 
a number of observers including members of the USA Typhus Com- 
mission and Audy (1947) that T. deliensis appeared to be reluctant to 
attack man and was not readily found on the boots, although many 
larvae could be recovered if a rat was exposed on the same site. The 
Japanese mite, T. akamushi on the other hand, was reputed to attack 


man more freely and the Japanese workers have, in fact, described it 
as attaching to man with alacrity ’. 
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CONDITIONS FAVOURABLE FOR T. DELIENSIS 


Nymphs and adults of T. deliensis were found to be predacious. 
They appeared to be able to complete their development and lay their 
eggs in a great variety of soils and it appeared that the most favourable 
soils were loams that were neither very acid nor overloaded with raw 
humus. Nymphs were found to become quiescent in dry soils, and 
moisture appeared to be essential for the appearance of larvae. Accor- 
ding to the observation of Japanese workers this was due to seasonal 
oviposition on the part of adults, rather than to ‘ over-wintering’ of 
larvae or the larva nymph resting stage. During the dry season 
(December 1944 to March 1945) in the Imphal area the larval population 
of T. deliensis was found to be less than five per cent. of that during the 
later part of the monsoon (September to November 1945). The 
seasonal incidence of scrub typhus followed closely the seasonal appearance 
of the larvae during the rains. Even in an extremely dry climate the 
larval population was maintained in areas such as seepages where the 
soil was kept moist by ground water. This fact obviously was of some 
practical importance. In monsoon climates with moderate rainfall the 
larvae appeared in a succession of waves which herald the first sharp 
peak of incidence at the beginning of the rains. The interval between 
the waves appeared to correspond to the completion of a life cycle of batches 
of larvae. This generally produced a secondary peak in scrub typhus 


casualties some 2 to 24 months after the first rise of cases in early 
monscon. : 


IMPORTANT HOSTS OF T. DELIENSIS 


The chief host in the Imphal areas was Rattus rattus bullocki a local 
representative of Rattus rattus brunneusculus Hodgson which was known 
in Nepal; this pale-bellied brown rat was common in villages and 
camps as well as scrub and forest. Shrews (Suncus coeruleus Kerr and 
Suncus griffithi Horsfield), the tree shrew (Tupaia belangeri belangeri Wagner) 
and squirrels (Callosciurus species) as well as several rats, including varieties 
of Rattus rattus, were also found to be common and important hosts. In 
the south and central Burma, and the upper Chindwin area, local forms 
of Rattus rattus and the rodent bandicoot (Bandicota bengalensis, Gray and 
Hardwood) appeared to be the chief hosts. The hosts of trombicula 
larvae which were fairly populous and freely infested fell into two 
categories from the epidemiological point of view :— 


(i) Potential reservoirs of infection (the possible infection of mites 
from hosts being assumed), for which purpose the locally 
common murid, frequently of the genus Rattus was most im- 
portant, because of its vast population and a tendency to 
form compact wild colonies. 


(ii) Hosts which may carry mites, and consequently infection, over 
considerable distances: such hosts were barking deer and mon- 
keys, both found frequently infested with T. dehensts around 
Imphal, and also many birds, such as the crow-pheasant 
Cantropus, which was found freely infested with mite-vectors 
by workers in various theatres. The potentialities of the latter 
group as itinerant ‘reservoirs’ were unknown. 
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INFLUENCE OF HOSTS ON THE MITE POPULATION 


The larvae being ectoparasites of small mammals, their number and 
distribution naturally depended upon those of their principal hosts. It 
was demonstrated by experiment, that a high rat population in a 
restricted area, if maintained for sometime, led to an increase in the mite 
population. One of these experiments also showed that there was a rapid 
and significant increase in the free living larvae on the ground as the 
rat-infested perimeter of a camp was approached. There was also 
evidence that the endemicity of scrub typhus had increased on a number 
of occasions as a result of the artificial encouragement of rats in camping 
areas. The relationship between mites and hosts raises certain consi- 
derations of practical importance and they are as follows:— 


(i) Larvae, which recently started feeding, were found to re-attach 
themselves to another host if their feeding was interrupted; 
there is thus some danger in killing rats during the typhus 
season without taking the obvious precautions to avoid infection 
of man by liberated larvae. 


(ii) As a high rat population encourages a heavy infestation of the 
ground by mites, and as the rats themselves perform the 
important service of ‘mopping-up’ the parasitic larvae, an 
intensive rat campaign, by disturbing the balance between the 
host and parasite and increasing the number of free questing 
larvae, might for a time greatly increase the danger of scrub 
typhus infection. 


(iii) The endemicity of scrub typhus may be increased wherever rats 
are encouraged and the ground within or around camps, 
plantations, gardens or compounds neglected, Reoccupation 


of abandoned and neglected sites was often found to be 
dangerous. 


(iv) It is possible that regular fluctuations in the populations of small 
mammals, particularly rats, in tropical climates may cause 
regular fluctuation in the mite population and consequently in 
typhus risk which may be predictable. 

(v) A knowledge of the habits and favourite haunts of rats and other 

small mammals may prove useful for the study of the 
distribution and ecology of scrub typhus. Its practical value 
either in conducting a survey or tendering the advice in respect 
of the avoidance of typhus cannot be over-stressed. 


The influence of the host on the distribution of mites has an 
important bearing, particularly as the infection in the mites is capable 
of being transmitted transovarially. Trombiculid mites can be intro- 
duced to any patch of ground by a suitable host as the engorged larvae 
tend to fall to the ground in scattered foci depending upon the behaviour 
of the local hosts. Added to this is a tendency for a species of mite to be 
dispersed more and more widely from any centre to which it is introduced. 
This dispersal is most efficient in T. deliensis because the larvae finish 
feeding quickly. The dispersal takes place in two ways: (i) through 
the overlapping of the territories occupied by individual small mammals, 
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rg i in a disjunctive manner by transportation on hosts which travel 
ar. in practice it would appear that the mites are at first limited to 
small and scattered patches or colonies or ‘ mite islands’ which in the 
ree of time multiply and spread as the particular species become 
established. Under suitable conditions the mite islands may become 
confluent and a large area may appear to be infested evenly throughout. 
It is considered that ecological barriers, which inte 


a Ibal | rrupt the overlappi 
of territories occupied by individual hosts, and high have for ol 


even been found to separate distinct sub-species and species, also serv 

barriers to the spread and establishment of trombiculid mites ana iende 
of scrub typhus. The Indo-Burma mountain range has apparently 
served as a barrier to the westward spread of scrub typhus, while the 
Arakan Yomas have shielded the seaboard from the spread of scrub typhus. 


It, however, appears that scrub typhus is infiltrating along the ecological 
continuity of the Kaladan river. ú i j 


MITE-RAT-MITE CYCLE 


By comparing data for T. delzensis with those of the Japanese workers 
for T. akamushi the life-cycle of the former would appear to be completed 
within seven to nine weeks; but on the basis of the fluctuations in popula- 
tion observed, it appeared that the life-cycle was in the neighbourhood 
of 10 to 12 weeks in the Imphal area and lower Burma. There are 
reasons to believe that scrub typhus develops in relation to the intensity 
and duration of the mite-rat-mite cycle, though the rat may be accom- 
panied or even replaced by some other small mammal capable of acting 
as a reservoir. This would obtain even if the infection in the mites were 
always transovarially acquired. It, however, appears to be extremely 
probable that a small proportion of mites feeding on infected host may 
pick up the rickettsiae and thus start new generations of infected mites. 
Compact colonies of infested rats would then be of the greatest impor- 
tance in encouraging the disease by forming incubation centres from 
which infection may be introduced to neighbouring colonies. It may be 
stressed that the introduction of T. deliensis and of R. tsutsugamushi are two 
distinctly separate events. The patchy distribution of the disease is 
particularly related to (i) distribution of the mites in mite-islands, 
(ii) the chance introduction of infection and (iii) the inconstant occurrence 
of a state of affairs favouring an intense local mite-rat-mite cycle. Both 
the endemicity and the extent of typhus islands fluctuate, quite apart 
from any seasonal change and these fluctuations may be great. Evidence 
for this was gained from several sources during the course of investiga- 
tions in Manipur and Burma. The reasons for the sharp localisation 
and the fluctuations in endemicity and extent of typhus islands may be 
found in the restricted range of adult and larval mites themselves; 
the restricted range of the chief or reservoir hosts; the need for a suffici- 
ent overlap of suitable mite and host habitats to ensure a local mite-rat- 
mite cycle; the population of the hosts; the chance introduction of 
both vector mites and the rickettsiae; and the changes which the whole 


picture presents from year to year. 
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RELATIONSHIP BETWEEN TROMBICULID MITES AND TSUTSUGAMUSHI 
INFECTIONS 


It may be emphasised that tsutsugamushi infection is essentially 
one of small mammals, and the infection of man is accidental. If 
attention is solely confined to those vectors which bite man, a faulty 
perspective is likely to be gained. The existence of species of trombiculid 
mites, which act as efficient or inefficient vectors of tsutsugamushi infec- 
tion among their natural hosts but which do not happen to attack men, is 
to be expected. The epidemiological importance of possible inter-murine 
vector cannot be ignored. The ability or otherwise of the vectors to 
pick up infection from a host such as rat is of primary importance and 
attention will naturally shift from the species which bite man to those 
capable of transmitting infection and picking up from the hosts in 
epidemiological considerations. The intensity of the infection amongst 
the man-biting species will be related to the intensity of enzootic. 
Trombicula intermedia and probably Trombicula palpalis may be men- 
tioned as examples of inter-murine vectors of scrub typhus in Japan, 
and, consequently, of considerable epidemiological importance. It, 
however, appears that it is not a very common event for mites to pick 
up infection from a host; otherwise the infection would be almost ubiqui- 
tous. In an effort to investigate this problem Kalra (1947) first studied 
the course of infection in the common wild rat of the Imphal area (Rattus 
rattus bullocki) and later attempted to infect T. deliensis experimentally. 
He found that rats suffered in no way after experimental infection with 
R. tsutsugamushi by the intraperitoneal route. Rickettsiae could, however, 
be recovered from the blood within 24 hours and at varying intervals 
up to 74 days, while recovery from brain was possible at varying intervals 
up to 99 days. Six months later, when the rat was reinfected, rickettsiae 
reappeared in the blood and could be recovered for two weeks or more. 
It thus appears that if the rat can act as a reservoir of infection it does 
so only temporarily. Larvae of T. deliensis were allowed to feed for 
24 hours on specimens of Rattus rattus brunneusculus infected in the laboratory 
and in the rickettsaemic stage; two strains of rickettsiae were recovered 
from these but none from the controls and the positive result thus 
obtained, while strongly suggestive, cannot be regarded as conclusive 
because the experiment was not made with laboratory-bred mites. 
Nevertheless, it showed that after 24 hours of feeding on a heavily infected 
rat, at which time the larvae appeared engorged, not more than 1 to 2 
per cent. of the larvae could possibly have picked up the infection, if they 
did so at all, The lower the proportion of mites that pick up the infec- 
tion the more important becomes the question of the turn over (in 


numbers in unit time) of the larvae of various species which can transmit 
infection between the rats. 


SCRUB TYPHUS AS A MAN-MADE DISEASE 


Having considered the role of trombiculid mites in the transmission 
of scrub typhus and appreciating the fact that man’s infection with 
rickettsia is accidental, the next point of importance to grasp is that 
scrub typhus is a man-made disease inasmuch as he has been responsible 
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for the creation of al i 
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ment of mites amon vironment which has favoured the establish- 


amongst which some are biologically more successful t 
pap a’ as cn to a successful gr ae The natural thao 
Fe ‘cipal a typhus countries is forest in which the small mammals 
rimiti A T as ‘It is considered that by clearing forest tracts for 
P ve shiting cultivation man has greatly encouraged the vectors 


of scrub typhus, firstly b 1 
, y growing foodstuffs and thereby encouragi 
see ge: — secondly by removing the canopy and as the oa 
coi ca a eran be i ee apparently favouring the life-cycle of 
trombDict nites. In this way man has encouraged a low grade 
enzootic wild infection, jungle or sylvatic tsutsugamushi to develop into 
epizootic intensity, producing an endemic disease which is still in the 


process of extending and establishing i alee 3 
-meim ecimparasites.” g itself. This disease involves rats and 


GROUPING OF TROMBICULID MITE 


__ The trombiculid mites could be grouped into four classes for 
epidemiological purposes as below:— 


(1) Vectors of tsutsugamushi. 
(ii) Scrub itch mites. 


(iii) Other trombiculid mites of no known importance to man or 
animal hosts. 


(iv) Parasitid (gamasid) mites carrying murine typhus. 


Among the vectors of R. tsutsugamushi which are of universal im- 
portance may be mentioned T. deliensis and T. akamushi. Among the 
inter-murine vectors of tsutsugamushi may be mentioned Trombicula 
scutellaris, T. pallida, T. intermedia and Gahrliepia (Schongastiella) ligula 
(Radford 1946). The first three are found in Japan and the fourth in 
Ranikhet (India) and widely in Assam and Burma, The scrub itch 
mites attack man viciously but are incapable of transmitting scrub typhus. 
The parasitid rat-mites are more closely related to ticks than to trombi- 
culids and are important vectors of a number of inter-murine infections. 
Liponyssus and Laelaps are very widespread on rodents, and species of 
Liponyssus are known to transmit inter-murine typhus from rat to rat 
and occasionally to man. 


RELATIONSHIP OF SCRUB TYPHUS TO TERRAIN 


From January 1944 onwards, efforts were made to study the 
ecology of scrub typhus, so that by understanding the relationship of 
the disease to terrain suitable advice could be given to troops on the 
avoidance of dangerous sites. The relationship of the disease to terrain 
appears to be confusing at first sight, because it presents a variety of 
dissimilar facts, and one has to consider not only the habitats of the mites 
and their hosts but also of nymphs and adults which require suitable 
soil conditions. Although the number of parasitic larvae depends to 
some extent on the population of hosts, yet the population of larvae 
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themselves is determined by local conditions allowing the return of replete 
larvae to the same breeding ground. In spite of the bewildering variety 
of typhus habitats, some common factors can be found which simplify 
the picture to a considerable extent. For practical purposes typhus 
terrain may be considered under the following three headings: 


(i) Man-made waste land. 

(a) Rural waste land; abandoned clearings or ponzos. 

(b) Suburban or domestic waste lands such as neglected 
compounds, suburban waste land, abandoned camps or 
villages and neglected gardens or plantations. 

(ii) Water-meadows. 


(iti) Relicted forest belts and coppices (often following water-meadows). 


Within these broad classes there are special ecological features which 
offer particular attractions to rodents and shrews. A study of the ecology 
of small mammal hosts suggested that the intermediate zones, where 
distinct ecological units met, were of particular importance. From the 
epidemiological point of view the most important of these intermediate 
zones or fringe-habitats were the scrub forest fringe of dense vegetation, 
hedge rows and water side fringe habitats such as the rank vegetation 
at the edge of a stream. Perennially moist foci were of particular im- 
portance in dry climate but of much less importance in tropical climates. 
The origin of scrub typhus is largely a consequence of primitive shifting 
cultivation and the storing of food. This shifting cultivation is known 
by various local names—chena in Ceylon; jhuming in India, taungya in 
Burma; and caingin in the Philippines. Shifting cultivation is practised 
by indigenous people in remote areas where they clear the forest exten- 
sively and burn the clearings during the dry season. The clearings are 
cultivated for one or two seasons and then abandoned for at least ten 
years. Meanwhile, neighbouring forest tracts are successively cleared 
and cultivated so that in time the forest over thousands of square miles 
may become replaced by a patch work of scrub in various stages of 
reversion to jungle. Patches of woodland or belts of forest stand out in 
such terrain and then they appear frequently to act as sanctuaries for 
small mammals. The Burmese name for abandoned clearings is ponzo. 
The suburban or the domestic type of waste land was of considerable 
importance, as over two-thirds of all scrub typhus cases in the south and 
central Burma in 1945 were contracted in domestic waste land within 
or on the outskirts of villages and towns. The relationship of scrub 
typhus to rural and suburban types of terrain is considered further under 
the ecology of scrub typhus. 


CLINICAL VARIATIONS AND DIFFERENT STRAINS OF R. TSUTSUGAMUSHI 


There were a number of other investigations carried out to which 
reference may now be made. Browning and Kalra (1947) noted that 
tympanites was a marked feature, while deafness was not, among cases 
of scrub typhus seen at Mandalay. The one reason among others 
advanced was the variation in the local strain of R. tsutsugamushi. Kalra 
(1947) further considered that the Weil-Felix test was valueless in 
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studying animals, was not a reliable index of the endemici 

typhus when applied to indigenous population and was ee pete 
guide to the differentiation between typhus group of fevers. He also 
described the behaviour of strain of R. tsutsugamushi recovered during 
field investigation in several laboratory animals (white mice, guinea- 
Pigs, and rhesus monkeys) as well as in the wild rat, Rattus rattus bullocki. 
From a comparison of the strains of R. tsutsugamushi from different sources 
Kalra (1947) concluded that they showed differences in virulence and 


antigenic structure sufficient to account for clinical variation including 
the vagarious eschar. 


TROMBICULID INFECTION IN THE SOUTH AND CENTRAL BURMA 


During the course of a reconnaissance survey carried out in the 
south and central Burma from 17 September to 10 November 1945 by 
Audy (1947), it was found that out of a total of 122 mammals trapped or 
shot in 15 different localities nearly 96 were infested by trombiculid 
mites of 11 species. The commonest and most widespread species was 
Euschongastia (Laurentella) indica but Gahrlepia ligula was also widespread. 
T. deliensis, the vector, was found freely infesting 35 of the mammals 
trapped in the survey from places which included Toungoo-Mawchi 
Road, Tharrawaddy, Paungde, and a village near Prome. The infested 
mammals were squirrels (Callosciurus species), Rattus rattus sub-species 
and Bandicota bengalensis. The latter two appeared to be the most 
common hosts in Lower Burma. Mice seldom appeared to be infected 
by trombiculid mites; at least this was found to be so in the Imphal 
area. In rural areas and in the forest-fringes squirrels might be impor- 
tant. The tree shrews, varieties of Tupaia belangeri belangeri which 
were found in forest and scrub and which were plentiful in the dry zone 
of Burma, could be of considerable epidemiological importance as 
tsutsugamushi infection was recovered from this insectivora in Imphal 
by Kalra (1947) and in the North Burma by the USA Typhus Commis- 
sion. These shrews were usually found very heavily infested by T. 
deliensis in the Kanglatongbi area, Imphal. 


RECOVERY OF RICKETTSIA FROM MITES AND HOSTS 


A strain of R. tsutsugamushi was obtained from a pool of brains 
of seven bandicoots and one Rattus rattus, which was unfortunately in- 
cluded by accident, from Paungde near Prome. The rodents were all 
heavily infested by T. deliensis. This strain was maintained and studied 
by Kalra (1947). Tsutsugamushi infection was also found in a batch of 
950 mites, apparently all T. deliensis, from a rat (Rattus rattus variety) 
trapped on ‘Mite Hill’ on the Indo-Burma border in July 1945. 
Kalra (1947) also recovered R. tsutsugamushi from a bandicoot trapped 
on the northern outskirts of Kalewa and also from mites (T. delensts 
mixed with Euschongastia (Laurentilla) indica from a rat (Rattus rattus 
variety) trapped near Tamu in August 1943. In July 1945 also, Browning 
and Kalra recovered infection from mice which were exposed e o on 
the grassy edge of the moat near the south gate of Fort Dutierm i 
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Mandalay (Burma). There T. déeliensis were also found attaching to 
some of the exposed mice. Kalra (1947) also recovered a typical strain 
from an Indian patient in Mandalay. Blood was taken on the tenth 
day of fever; the patient had no eschar but the Weil-Felix agglutination 
was positive to OXK in high titre. 


GENERAL EPIDEMIOLOGICAL FEATURES OF THE BURMA CAMPAIGN 


Burma was entered along three wild and difficult routes: (i) above 
the Chindwin into the apex of Burma, (ii) across the Chindwin through 
Manipur and Naga Hills, and (iii) along the coast in Arakan. The 
American and Chinese troops who had constructed the Stilwell road 
from the Ledo railhead to Myitkyina on the Irrawaddy came down it 
and thence to the Burma road. They had over 1,000 cases of scrub typhus 
amongst them (Mackie Davis, Fuller, Knapp, Steinacker, Stager, Traub, 
Jellison, Millspauch, Austrian, Bell, Kohls, Wei and Gissham, 1946). 
They had to pass through the wet Hukawng Valley, and there was no 
conclusive evidence of the seasonal nature or incidence of scrub typhus 
in that part. The case incidence seemed to be related to movements 
of troops in and out of the endemic foci or areas, and the absence of 
seasonal variation was attributed to the heavy rainfall over most of the 
valley. The appearance of the outbreaks throughout the year contrasted 
sharply with the fall in scrub typhus casualties noticed further south. 
The main advance of the Fourteenth Army was along the mountain 
passes in Manipur and the Naga and Chin Hills through Imphal to 
Kalewa on the Chindwin and thence to Mandalay. There were over 
5,000 cases of scrub typhus in the area. A striking feature was the 
intensity of the disease in units unlucky enough to strike endemic foci. 
Some notable outbreaks which occurred in this area as well as elsewhere 
are described separately at a later stage. The second feature was the 
heavy incidence in units on patrol or actively engaged with the Japanese 
in 1944, contrasting with the preponderant incidence of * non-operational ? 
typhus in Burma during 1945, when troops actively engaged escaped 
lightly. The third feature was the marked seasonal incidence of the 
disease, which fell during the dry season and rose alarmingly during the 
rains. The southern coastal route was through the Arakan. A note- 
worthy point was that in the campaign through the Arakan Yomas, 
although much exposure took place during fighting in jungle, yet only 
one endemic region was encountered along the narrow fertile valley of 
the Kaladan. ‘This contrasted greatly with the very widespread endemic 
areas over 10,000 square miles of the country west of the upper Chindwin, 
and over almost the whole of Burma, There was some evidence that 
the mountain ranges had formed an ecological barrier to the spread of 
scrub typhus and there are reasons to believe that disease was infiltrating 
into the relatively non-endemic and shielded Arakan Yomas along the 
Kaladan Valley, which has its source in the hyper-endemic region near 
Tiddim. Burma itself was overrun by the end of April 1945, and there 
were about 600 more cases in Burma between June 1945 and December 
1945. The striking fact about most of them (over 400), though they were 
no such widely separated areas, as Maymyo, Kalewa, Mandalay, 

oungoo, Prome and Rangoon, was that they were infected not in the 
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open country but actually within or on the outskirts of towns and villages 
The scrub in which the infection was acquired is best described as 
suburban or domestic waste lands and these were of considerable impor- 
tance in the south and central Burma when large number of troops 
moved down there. Although the occurrence of scrub typhus in 
Calcutta had shown the importance of this type of terrain, yet such a 
high proportion of suburban scrub typhus casualties was not anticipated 
in the Burma Campaign. One reason for this was that the disease as it 
occurred among the indigenous population gave no hint of the wide- 
spread nature of scrub typhus in populated areas where the indigenous 
population had evidently acquired a considerable amount of immunity 
and the disease among the children mostly escaped observation owing to 
its mild nature. The endemic nature of these areas was revealed as 


soon as they were occupied by troops who were new to the country and 
the disease. 


SCRUB TYPHUS AMONG THE SEMI-STATIC AND OPERATIONAL TROOPS 


The restriction of infection to patches of ground had the tendency 
to make scrub typhus a ‘ ground occupation’ disease. Of the 516 cases 
in the Twelfth Army in 1945, of whom the ‘ occupation ’ could be roughly 
judged it was found that static units such as medical, workshop, salvage, 
ordnance, RAF, etc., were responsible for 30 per cent. of the cases; 
infantry units and Royal Artillery for 28 per cent. cases; sappers, signal 
linesmen and other exposed personne! for 10 to 15 per cent. cases; Indian 
Pioneer Corps labourers over 15 per cent.; and RIASC and inland water 
transport for over 10 per cent. cases. Comparing these with 204 other 
cases of scrub typhus in the Manipur-Kabaw Valley sub-area, it was 
found that 60 per cent. of the cases occurred among the Indian Pioneer 
Corps and road maintenance units who were mainly infected in Palel, 
near Tamu, and Kanglatongbi area; over 15 per cent. in the RIASC 
personnel; 15 per cent, in static units; and only 4 per cent. in sappers 
and linesmen. These facts indicate that strictly * operational” scrub 
typhus was on the whole low and that most of the infections were 
acquired as a result of clearing camp sites and occupying village areas, 
often by semi-static units and frequently long after the hostile troops 
had been evicted. Most of this was preventable. These figures are in 
marked contrast with those of 1944, when a higher (but uncertain) 
proportion of scrub typhus casualties were * operational’ in the sense 
that most of them were contracted while on patrol or during enemy 
engagements. This sort of exposure was more difficult to control and 
the sheet anchor of prevention under such circumstances was the proper 
use of DMP or DBP. There were three possible reasons for the difference 
in the exposure of troops in 1944 and 1945. Firstly, the nature of the 
terrain, covered in 1944, was quite different as the troops were then 
fighting over thinly populated and wild mountain tracts, whereas 1n 
1945 most of the campaign was over more highly populated flat country 
which was either regularly cultivated or was arid and barren looking. 
Secondly, the nature of the operations changed from long patrols q 
the storming of innumerable Japanese camps and bunkers in remote 
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areas, to the chasing of a beaten army in 1945, from township to township 
across the plains of Burma. Thirdly, whereas the beginning of the mon- 
soon and of the ‘ typhus season’ in 1944, saw the development of a fierce 
cross-country campaign, in 1945, it was the settling down of an army in 
established centres, within or near towns and villages, as by that time 
the whole of Burma had been overrun by the conquering troops. This 
type of activity was not only responsible for marked reduction in 
‘operational ’ scrub typhus casualties but also partly for the preponder- 
ance of ‘ urban’ and ‘suburban’ infections. Sharp and declining out- 
breaks of scrub typhus when encountered were typical of those associated 
with ‘civilising’ or clearing of open and grassy sites. The practical 
importance lay in the recognition of the fact that by the time attention 
was drawn to such outbreaks it was generally too late to adopt preventive 
measures, Case incidence was at times noted to be persistent when 
camp sites were imperfectly cleaned or where men continued to frequent 
the infected areas. A feature of hyper-endemic foci observed was that 
scrub typhus outbreaks involved such personnel as clerks, tailors, car- 
penters and men not actually involved in ground clearing. In units 
engaged in actual combat there was usually a relatively high incidence 
amongst the officials and the NCOs. 


SEASONAL INCIDENCE OF SCRUB TYPHUS IN BURMA CAMPAIGN 


With regard to the seasonal incidence of scrub typhus, it was ob- 
served that during the months of June to November the incidence was 
higher than in other months. This period corresponds to the rainy 
season and the appearance in large numbers of the larvae of the vector, 
T. deliensis. Attempts to correlate case incidence with seasonal factors 
may at time lead to fallacious conclusions because troops movements, 
resulting in the arrival of fresh troops, into infected zones introduced 
a very important factor, quite unrelated either to the larval population 
or climatic conditions. Experience showed that the incidence of scrub 
typhus could be related to three factors, viz., (i) troops movements, 
(ii) endemicity of the area patrolled or occupied, and (iii) rainfall which 
influenced larval population and behaviour. The importance, which 
had to be given to each of these factors, was determined by circumstances. 
Generally speaking it may be said that there were three distinct peaks 
(in June, late August, and October to November) in all the areas of 
occupation from the dry zone (such as Mandalay, Sagaing, Myitnge) 
down to south in Rangoon, This remarkable coincidence cannot be 
satisfactorily explained by troops movements alone, because most of 
these cases occurred in districts which were first occupied before June 
while the same peaks were noticeable both in the sporadic cases as well 
as unit outbreaks. Nor could the peaks be satisfactorily explained by 
the occupation of different endemic areas or withdrawal from them with 
one solitary exception. The influence of rainfall must be considered in 
relation to soil drainage and the actual manner in which the rain falls. 
A possible explanation for the three regular peaks noticed in case inci- 
sia o be as follows: There is evidence that the larvae of T. deliensis 
are liberated in pulses, the first dramatic appearance of larvae following 
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the onset of rains in June. The life-cycle of the mite then determines the 
intervals between the waves. Between May-June and July-August 
1945, the turnover in larvae of T. deliensis in the Imphal area was observed 
to rise considerably and very rapidly. Most of these larvae would 
naturally be seeded out on to moist soil, and it would have been sur- 
prising if such an event was not followed by fluctuations in larval popula- 
tion. Fluctuations, with the same intervals of about 2} months, were 
observed in the infestation rates of rats trapped in the Imphal area 
between May 1945 and March 1946, and these were followed closely by 
fluctuation in the case incidence in the same area. There was also 
evidence from a number of different sources that, when a dry season 
(during which the larval population was low and particularly maintained 
in moist foci) was interrupted by a rainy one, the vector larval popula- 
tion rose sharply and was followed by fluctuations reflected in case 
incidence, Whether this obtains generally requires corroboration by 
further investigation. These observations in respect of the seasonal 
incidence of scrub typhus were quite consistent with the findings in the 
north Burma of the USA Typhus Commission. In those areas of heavy 
rainfall where there is no marked dry season there may be all-the-year- 
round incidence of typhus with no observable seasonal intermission and 
this fact has to be borne in mind in calculating the typhus risk. The 
seasonal scrub typhus is invariably associated with the dryness of the 
ground which must be of reasonable long standing or duration. 


ECOLOGY OF SCRUB TYPHUS 


General Features: A proper knowledge or understanding of the ecology 
of scrub typhus is essential for an epidemiologist if he is to make a reason- 
ably correct assessment of the risk to troops from scrub typhus during 
the course of campaigns conducted in dangerous or potentially dangerous 
areas. The number of casualties can be considerably reduced by either 

avoiding such areas or the strict observation of instructions intended to 
minimise such casualties. When considering the relationship between 
scrub typhus and terrain such matters have by implication been dealt 
with, but it is considered that fuller consideration even at the risk of some 
repetition will prominently bring out some aspects which may be valuable 
in forecasting scrub typhus risks. The various ecological features and 
how they contributed to scrub typhus casualties will now be treated more 
fully. In the areas investigated the heaviest concentrations of the larvae 
of T. deliensis were found in grassy scrub where there had been some 
recent excuse for a high rodent population and in or near the inter- 
mediate belt or vegetation between the open scrub and the forest. Adults, 
and less often larvae have, however, been found in almost every sort of 
situation from raw humus in a tree hole to black clay in the paddy field. 
These habitats often present such vide ecological differences that it 
appears that adults and nymphs so observed must have dropped off 
their hosts in unsuitable environment. The adult-larvae ratio is an 
index of the suitability of environment. In considering the habitat of 
the mites, we must take into consideration the behaviour and habitat 
of the hosts. The ecology of scrub typhus is connected in the widest sense 
with soil conditions and animal population both broadly related to the 
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vegetation mosaic. A study of the latter and the terrain in relation to 
water and drainage should point the reasons for the existence of hyper- 
endemic or endemic typhus focus or alternately indicate the operation in 
a focus of all the requirements for hyper-endemicity except the chance 
introduction of the vector species and the rickettsiae to that focus. 
Once familiarity is obtained with the country, the broad ecological 
mosaic is best studied by air-photographs, which have perhaps their 
greatest medical ecological value in scrub typhus, next in malaria and 
trypanosomiasis. The extremes of ecological unit to be found in a mosaic 
are climax forest and open grassland on the one hand, and the village 
and the newly abandoned cultivated field on the other. A few terms 
will be used in the consideration of this subject and their meanings may 
be clarified before proceeding further, A ‘climax’ generally refers to 
a botanical community which appears to be stable in historic times. It 
represents a plant association which is stable under the influence of any 
given set of ecological factors. A “sere ” is a series of plant communities 
making up a succession, possibly starting from bare earth and perhaps 
finishing up as some sort of stable climax jungle in time. A ‘scrub 
constellation, ’ is defined as a cluster of complex of various seral communi- 
ties mingled perhaps with climax jungle, and often with cultivated 
areas enclosed. Almost all the seral vegetation which usurps the climax 
forest owes its origin to clearing for cultivation in the past or to the 
influence of meandering watercourses which flood frequently, change 
their courses and are associated with tracts of grass lands or * water- 
meadows’. The former seres, being associated with man and his food- 
stuffs, are particularly associated with encouragement of rats, which are, 
in a way, ectoparasites on man’s homestead and his fields. Two extreme 
ecological units deserve to be considered—forest and open scrub. The 
forests may be taken first. 


Forests: In evergreen rain-forests the number of species of plants 
and animals is very great, but they are very widely separated. Fresh 
foliage and fruits appear at all seasons, but haphazardly and fitfully. 
They have to be sought. The trees impede movement of animals. The 
ground is bare, and although there is abundant organic matter it remains 
long on the forest floor and is broken down relatively slowly by fungi 
and bacteria. The reaction of the soil tends to be acid. The potential 
hosts themselves, though of many species, are not very numerous. They 
are largely arboreal and forage widely for food. Inference and observa- 
tion suggest that the population of vector mites will not be high in such 
regions and the larvae-adult ratio will be low. If scrub typhus is found 
at all here, its endemicity will be very low. Further, it might be 
enzootic and not endemic, as the conditions mentioned are particularly 
unfavourable in the case of T. deliensis. In the deciduous monsoon 
forests there is at least regular seeding or bearing of fresh foliage and the 
flora and fauna, although poorer in species, may be more abundant in 
individuals. The animal life is less insistently arboreal and more time 
may be spent on the ground which may support more or less undergrowth. 
An extreme type is the indaing forests of Kabaw-Kale Valley where for 
many miles hardly any trees other than the Dipterecarous tuberculatus 
may be seen. Leaves are shed in the cold dry season, and the seeds fall 
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in May which provide plentiful food for a time. 

1s not one of bountiful supply. These forests are more open than most. 
Scrub typhus may be endemic in them, but its distribution is likely to 
follow some feature which offers special advantage to the potential host. 
Inference suggested restricted water-meadows in the forest and observa. 
tion supported this. Another extreme type is bamboo forest. Large 
tracts of gregarious bamboo may flower at rare intervals. They produce 
fruit and fall to the ground. This leads to a tremendous proliferation 
of rats which later disperse and raid neighbouring crops and villages, 
usually resulting in a famine. This sort of event can hardly take place 
in an endemic area without boosting the endemicity and dispersing the 
disease. Flowering of the bamboo tracts is incidentally one cause for the 
abandonment of the villages and their gardens by the indigenous popuia- 
tion, a significant event in the epidemiology of scrub typhus. 


Shifting Cultivation: Shifting cultivation has already been described. 

Its effects in the production of scrub typhus may now be considered. 
. The clearing of the forest removes the canopy thus reducing opportunities 
for arboreal life. The cultivation, which follows, changes the character 
of the soil and its microfaunal composition and certain animals such as 
rodents and insectivores are attracted to the place where they proliferate 
to a greater or lesser extent. Rats in particular are encouraged by these 
conditions. Abandoning the cleared area allows the growth of a close 
herbiage cover, conserves moisture and replenishes the organic matter. 
A focus is now provided where the herbivores, insectivores and omnivores 
are attracted by food, and at the same time are confined to the ground 
on account of the removalof canopy. In these conditions replete larvae 
will be seeded out to the soil, a soil which has been purged of many 
predators and in which the rate of breakdown of humus is greatly 
accelerated. The scrub, which develops, contains herbaceous plants 
which seed freely; grasses, solanum, tuberous plants and various vines 


all provide attraction to the rodents and to the shrews which feed upon 
the ground fauna of insects. 


Even so the picture 


Fringe Habitats: Whenever cultivation was carried on in the 
neighbourhood of scrub units, it was noticed that many rats were nesting 
in the infected grass and secondary growth of the neglected areas in the 
neighbourhood, and that they were foraging for food in and around their 
nests. When different types of units, such as forest and scrub, exist 
together there is an intermediate zone or fringe which has ecological 
features of its own though derived from the two contiguous units. This 
is of some importance in typhus ecology. The intermediate zone has 
some features to offer which neither side possesses and field investigations 
have drawn attention to certain types of fringe-habitats which, parti- 
cularly, abounded in rats and shrews and were associated with outbreaks 
of scrub typhus. The first is the scrub-forest fringe where the mite 
population has often been found to be high. The adjoining scrub and 
forest will almost certainly be found to be contaminated, although the 
arboreal habits of the host are not likely to favour heavy ground contami- 
nation or infestation. In the regions of Indo-Burmese mountains one 
came across stretches of open country with proportionately much larger 
strips of narrow relict forest following watercourses; the neighbourhood 
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of these contained many or most of the hyper-endemic foci. The edges 
of the clearings were probably more dangerous than the centres and the 
restricted clearings particularly so. This was confirmed by experiences 
of observers in New Guinea as well as in Manipur and Burma. Isolated 
coppices are considered to belong ecologically to the same class as relict 
forest strips. The second type of fringe-habitat is the hedgerow. The 
hedgerow, which may or may not be flanked by a ditch, is frequently 
planted but it may not always be so. Examples of the latter are some- 
times provided by strips of forest between two clearings. Ecologically, 
the hedgerow represents one extreme of a series of similar habitats of 
which the scrub-forest fringe is the other extreme while the narrow strips 
of forest along the watercourses are intermediate. The water-side fringe 
habitats are generally represented by rank vegetation at the edges of 
tanks, streams, ditches, canals and watercourses. In general qualities 
they resemble the hedgerows, but they have the additional advantage 
that the soil is usually more moist and the growth luxuriant and perennial. 
It should be possible to appreciate the fact that an overgrown neglected 
streamlet is but a petty version of a stream flanked by hedgerows including 
trees, and the latter in its turn needs to be expanded to become a forest 
strip following a watercourse. In other words the phrase ‘fringe-habitats’ 
is a convenient expression for emphasising the essentially common factor 
in what appears at first sight a variety of quite dissimilar features. 


HOW SCRUB TYPHUS SPREADS OVER THE LAND 


As already remarked, scrub typhus isa disease of the ground. 
Although the introduction of infection to a ‘ mite island’ may be fortui- 
tous, as by the transporting of a congenitally infected larva by its host, 
yet such an occurrence is naturally commonest in the neighbourhood of 
an endemic foci. From these foci both the mites and infection are seeded 
out, and it will usually be found that all unexpected and peculiar foci 
owe their origin to contamination from some neighbouring endemic foci. 
Scrub typhus spreads over the land in two ways. The first, as already 
pointed out, is fortuitous, sporadic and goes on continuously as con- 
genitally infected larvae are scattered. The disease seems at times to 
shift about rather than to spread owing tothe dying down or disappearance 
of islands of infection at one place and the creation of new ones at another. 
In Japan it has been observed that endemic areas expand or contract or 
travel down the river. Once introduced in an area, where there is waste 
land and suitable hosts, the disease probably remains endemic almost 
indefinitely. The second is when infection is introduced to a ‘mite 
island” having conditions favourable for the building up of heavy infection 
among the rats and the boosting of infection among the mites or it may 
happen that some event in an endemic area involving the host popula- 
tion leads to their migration to another, Examples of such migration 
are furnished by those following some of the rat plagues which periodically 
occur or a similar plague following the flowering of bamboo or on a 
smaller scale the encouragement of wild colonies of rats in camp sites, 
villages and cultivated areas. Under these sets of conditions explosive 
outbreaks of scrub typhus occur, and it was observed that the endemicity 
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of the disease had been increased in several camping areas following the 


local encouragement of rats, and on a larger scale this is what h ed 
in Mandalay and Prome during the war. : did 


CONDITIONS FAVOURING SCRUB TYPHUS IN RURAL AND SUBURBAN AREAS 


Reference has already been made to abandoned clearings or 
ponzos which arise as a result of the shifting cultivation practised in some 
parts by the people. They were very largely responsible for scrub 
typhus in the mountain regions and foot-hills of Burma and even in the 
remotest parts of some districts, For the suburban type of scrub typhus 
somewhat different sets of circumstances were responsible in Burma. 
Overgrown patches of waste land were found to be very common in 
Burmese villages and towns but not so much in those of the Imphal area. 
Small villages on the hills were often surrounded by jungle with a narrow 
intervening strip of scrub. Suburban scrub typhus was very widespread 
over such areasin Burma and was practically the only important type 
met with in the vast paddy area above Rangoon which, however, did 
not appear to be such an endemic area as Calcutta. Heavy infestation of 
T. deliensis was found in a rat trapped in a neglected compound in Insein 
near Rangoon and some cases had been reported there. There were good 
grounds for believing that the scrub typhus once introduced to a township 
or village in Burma will not only stay but gain a firmer hold. In con- 
trast to Rangoon the whole of the Mandalay—Kyauksi area was hyper- 
endemic with both suburban and wayside typhus. In Mandalay which 
is in the dry zone but where the perennial sources of water are more 
important, it was noted that the moat around Fort Dufferin enclosed a 
nidus of infection which had been responsible for dozens of cases. Scrub 
typhus was apparently confined to waste lands in the villages in the rice 
plains of central Burma and many parts of the dry zone also. There were 
greater possibilities for the preponderance of infection among the children 
in Burma; owing to the settled pattern of the villager’s life the chances 
of the adults being exposed to infection in ‘ suburban’ waste land were 
remote. The sites of the abandoned villages or camps are apt to be 
overlooked as they may become swallowed up in the scrub soon. They 
can be, however, identified from the existence of planted hedgerows 
even though the remains of habitation may have disappeared. Coconut 
oilpalm, banana and sugarcane plantations generally attract rats and 
such plantation in Queensland, Formosa, Hawai and Malaya have 
often been involved in scrub typhus outbreaks. Owing to the presence 
of water, typhus foci may be encouraged in water-meadows. Very 
little is known of the animal ecology of grassy areas, covered with species 
of Saccharum, Sorghum and other elephant clump-grass (Burmese Kaing) 
or sod-grass or such as Imperata (Lalang, Cogon) which owe their origin 
to shifting watercourses. Low-lying water-meadows are generally 
swampy and luwens (i.e. grassy belts) in Kabaw Valley and elsewhere 
which belong to this category are probably favoured by F 
species of mite like Trombicula acuscutellaris and not by T. deliensis. E ew 
or young rivers during the course of grading sink and leave — ong 
on raised banks which are occasionally flooded for short intervals an 
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become overgrown by shrubby plants and finally trees. These are of 
particular importance in the establishment of scrub typhus and most of 
the classical descriptions of Japanese River fever seem to refer to fertile 
water-meadows annually flooded for short periods. Cases of scrub typhus 
in the Kabaw-Kale Valley, whenever pinpointed, were found restricted 
to village areas, abandoned clearings or to * Kaing’ water-meadows by 
the side of streams. The outbreak at Wetyu Chaung, 50 miles north of 
Tamu, was a notable example. A unit had camped in the jungle— 
the officers camping at a pleasant stream-side spot, some 40 yards from 
the main body. They and their batmen suffered seven casualties from 
scrub typhus while there was none in the unit, in spite of their patrolling 
fairly wide in the forest. Perhaps the great expanses of Kaing grasslands 
which are a feature of the Irrawaddy scenery were of no particular 
importance for scrub typhus except where there was a high rodent 
population; their fringes probably contained hyper-endemic areas. ‘This 
might also apply to all extensive grasslands and monotonously uniform 
monsoon forests such as those of the Kabaw Valley. Piles of debris 
and rubbish which collected in parts of the Kaing flats of the Irrawaddy 
might have provided a feature and a possible focus of infection because 
of the large population of rodents and insectivores attracted to them. 
The scrub typhus outbreaks which occurred in Prome and are described 
later provide some illustrative examples. The only instances of infection 
in Burma suspected to have been within virgin forest were possibly 
between Mawlu and Pinwe near Katha, whilst the USA Typhus Com- 
mission at Myitkyina had suspected some cases of forest infection in 
certain parts of the Hukawng Valley through which the Stilwell road 
was made. Further investigations into this matter, however, suggested 
that the sources of infection in the valley were probably in the neighbour- 
hood of abandoned villages and sakans or camps which were at some 
period or the other occupied by the Chinese and Japanese troops or the 
refugees from Burma during their exodus to India in 1942. There 
is no definite evidence available regarding infection acquired by troops 
in the virgin forests of the Hukawng Valley. On the other hand there 
was definite evidence that virgin forests free from infected vectors had 
later on become very dangerous after clearing. The Manipur base was 
an example. The only forest tracts, which were known to be infected 
with typhus, were the narrow strips running along streams and surroun- 
ded by scrub or which separated adjoining fonzos and other similar 
restricted forest patches. The infection within them was derived by 
contamination from the fringes of ponzos. Scrub typhus may be said to 
have developed in the areas cleared through the ages by man and is the 
direct outcome of the exploitation of primitive forests which encourages 
the rats and brings them into closer contact with the soil. It may be 
incidentally remarked that South-East Asia is the home of the genus 
Rattus, of the major trombiculid parasite of rats, 7. deliensts, and of scrub 


typhus. 


SOME NOTABLE OUTBREAKS OF SCRUB TYPHUS 


During the Burma Campaign some important outbreaks of scrub 
typhus occurred among the troops which may now be considered. These 
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were important not only from the point of view of the large number 


of men involved but also from the way they suggested isati 
infection to certain areas and helped la the acid nen of epidemiological 
problems Some portion of the information on the subject given here 
has been obtained from the general account of the occurrence and 
identification of the typhus group of fevers in SEAC written in 1945 
by Colonel M. H. P. Sayers, OBE, MB., RAMC., Deputy Director 
of Pathology, SEAC and Brigadier I. G. W. Hill, CBE., FRCP(Edin) 
RAMC, Consultant Physician SEAC and published by the War Office 


1947). > 
da = use has also been made of Audy’s (1947) report already 


__ Assam and Manipur State: The Assam and Manipur areas are dealt 
with first as they formed important parts of the base for a large number 
of troops taking part in the Burma Campaign during 1942-45. The 
Manipur base was made by extensive clearing of the forest existing 
round the railway station of Dimapur and along the ten mile stretch 
of road running eastward to the Nichuguard Pass. The incidence of 
scrub typhus was on the whole negligible in Manipur base during this 
period. During 1944-45, 12 cases of scrub typhus were reported 
among the personnel of an anti-malaria unit from Manipur base camps 
and another 40 cases in a Pioneer Corps battalion in 1945-46. The 
greater part of the year 1943 was marked by freedom from typhus among 
the troops on the Burma front in Manipur State and Kabaw Valley 
areas, only 20 cases being admitted to the hospitals upto the end of 
September 1943 from widely scattered areas around Imphal. On 11 
October 1943, a battalion of British troops was engaged in patrolting 
Tamu road some five miles north of Moreh in the hills above the valley 
of the Yu river. Two companies patrolled a ridge about two miles in 
length, The original jungle there had been replaced by rank grass, 
scattered stunted trees and occasional young palms. The unit left 
this area on 2 November 1943, Cases of typhus began to be reported 
from 20 October 1943, and continued until 19 November 1943. In all 
121 cases were reported and most of them were from the companies which 
had patrolled the ridge. The outbreak was the subject of detailed clini- 
cal and pathological studies, which confirmed that the disease hitherto 
known as scrub typhus differed in no essential particular from tsutsuga- 
mushi fever. Three months after this outbreak the hill (later on known 
as Mite Hill) was the scene of an extensive fire but even in August 
1944 adults of T. deliensis could be recovered from the soil of the burnt 
out area. 


Central Burma Front: Coming down south it was observed that cases of 
scrub typhus were being reported from November 1943 among IV Indian 
Corps troops operating down the roads leading to Tamu and Tiddim 
on the south of Imphal. Upto March 1944, 240 cases had been notified. 
In the following two months when the forces were virtually under siege 
on the Imphal plain no cases were reported. With the raising of siege 
at the end of May 1944, scrub typhus reappeared among the patrols 
operating on the roads leading out of Imphal, and 100 cases were admitted 
to hospital by the end of June 1944, ‘There were a few cases of scrub 
typhus among the troops advancing from Mainpur base (Dimapur) to 
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the relief of Kohima in May 1944. Only two cases were reported in 
the following month during the course of the operation for Opening the 
Imphal-Kohima road. In July 1944, the incidence began to rise steeply 
as strong forces began moving down south of Imphal, nearly 700 cases 
being reported in that month. In August 1944, another 700 cases were 
reported and September 1944 was marked by an equally high incidence. 
The main foci of infection were along the tracts leading from Imphal 
to Ukhrul on the north, to Bishenpur and Tiddim on the south to Tamu 
on the south-east and the valley of the Yu river. The operations in the 
Kabaw Valley and towards the Chindwin resulted in nearly 1,400 cases 
between October 1944 and November 1944, and during these two months 
over 100 further cases occurred among the troops operating up and 
down the Imphal-Kohima road. It is obvious that most of these 
casualties which occurred in the year 1944 were during the course of 
operations which necessitated the movement of the troops from the Imphal 
plains across the Naga and Chin Hills into Burma. Some of the out- 
breaks could be accurately pinpointed at the following places: 


Maram area: Miles 78-88 on the Manipur road. 
Kanglatongbi area: Miles 113-119 on the Manipur road. 
Imphal area. 
The Ukhrul road, including Kasom to the east. 
The Imphal—Palel road sites. 

- Palel area, south-east of Imphal on the main Burma road. 
Tiddim—-Falam area (Lushai hills). 
Tiddim road sites, particularly miles 40-70 and 80-85. 


Infection was invariably acquired by either occupying camp sites 
or patrolling the areas which had patch work of scrub in various stages 
of reversion to jungle—the result of centuries of primitive shifting 
cultivation and wood-cutting for fuel, aggravated by scrub fires which 
spread over the country annually. In the Maram area 180 cases of 
scrub typhus occurred from July to December in 1944 during exercise 
in the neighbouring country in a division which was resting. T. deliensis 
was found infesting rats and shrews there. Towards the end of 1944, 
another division had 50 cases in the Kanglatongbi area. There again 
rats were found infested by T. deliensis. Most of the typhus cases in 
the Imphal plain occurred in the camps which were situated in the 
two northern ranges of low hills flanking the Manipur road for a distance 
of ten miles. A strain of R. tsutsugamushi was recovered in November 
1945 by Kalra (1947) from one rat (Rattus rattus variety) caught on the 
west side of this road where Major-General Wingate’s headquarters was 
situated. In the Palel sector of Naga Hills typhus cases occurred in a 
unit which had its camp on a ridge where the jungle had been cleared. 
In the Ukhrul area over 90 cases occurred among the troops driving 
the Japanese out after the raising of the siege of Imphal and Kohima. 
Most of the cases occurred when the troops were on the sites near villages. 
A notable outbreak was at Kasom, 32 miles from Imphal, where a unit 
occupying a hill feature overlooking the village had 50 cases in the months 
of July and August in 1944, 


On the Tiddim road and Lushai hills the 5th Indian Division suffer- 
ed 900 casualties from scrub typhus during their drive along the road, 
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roughly following the course of 


the Mani : i ; 
The whole of this area from Bishe anipur river to the Chindwin, 


WAC npur (miles 18) to beyond Tiddim was 
heavily infected while cases of scrub typhus ce also recorde along the 


Silchar tract west of Bishenpur. The serub hus casualties in two 
months in the 2nd West Yorks fighting in this sa amounted to 18 per 
cent. of its total strength and during this time 5 per cent. of its men had 
died of typhus. Another notable outbreak was in the Falam district 
m a camping area near a watercourse (Yasin Chaung) when the 1/9th 
Jat Regiment suffered 60 casualties. There were a series of infected 
camps between miles 81 and 84. The road there runs parallel to the river 
and fairly close to it, and was flanked by camps for the greater part. On 
either side, the hills sloped upward fairly steeply, and these slopes were 
covered with old abandoned clearings. There had been at the time of 
occupation fairly recent cultivation of paddy in the immediate neighbour- 
hood. The history of this area was interesting as the grass was cleared 
from there in February-March 1943, when the ground was prepared 
and camps built up. These camps were occupied for a whole year till 
March 1944, when the troops were driven out by the Japanese. The 
number of typhus cases for the whole of that year was negligible. During 
the course of driving the Japanese out in August 1944, the 5th Indian 
Division had a sharp outbreak of 90 cases in that very area. It is well 
known that civilisation of an area leads to a great reduction of scrub 
typhus and the main crop of casualties from occupied sites is generally 
during the first month of occupation. The Tiddim road camps were 
cleared and civilised during February and March 1944, when scrub 
typhus casualties were low owing to climatic reasons (i.e., cold weather 
and diminished relative humidity). In August 1944, however, when 
the troops approached that area, they came across a period full of typhus 
risk and spent over a week surrounding the camps in a nest of scrub 
complexes. The camps themselves, had been partially occupied by the 
Japanese and were in a neglected state, while for two monsoon seasons 
the camps had been encouraging rats. The cause of sharp outbreak of 
typhus, although partly found in the adjacent hill slopes, was mostly 
derived from the camps themselves. There is an important lesson in 
this instance, namely, that although civilising a camp site may destroy 
the infection yet the inevitable local encouragement of rats, due to 
careless habits of living, may lead to an increase in the mite population 
locally. Furthermore, if these camps are abandoned and neglected and 
later reoccupied the new-comers may be exposed to a considerable risk 
of infection. 


The types of terrain met with in Assam and the central Burma 
front resolve into (i) forest, (ii) scrub (ponzos) due to clearing of such 
forest in the past, (iii) scrub (water-meadows) associated with rivers 
which meander and (iv) cultivated and occupied lands. These different 
ecological units make a patchwork or mosaic, the pattern of which depends 
largely upon the way in which man has interfered with natural vegetation. 
In the hill section above Palel, for example, the forest occupied often 
between 15 and 20 per cent. of the land in the form of small coppices 
or patchwork in hollows, or following innumerable watercourses. Ponzos 
and fresh clearings together occupied the rest of the countryside, i.e., 
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about 80 per cent. A single square mile may consist of a mosaic from 
10 to over 50 separate units of distinct vegetation associations, 


Consideration of the scrub typhus risk encountered in the mountain 
ranges lying between India and Burma showed that the endemicity of the 
disease was high on the Burmese side and fell sharply on the western 
(Assam) side of the mountains. Perhaps the more hyper-endemic areas 
were on either side of the high mountain belt than in the middle. 
These observations, for example, seemed to apply to the Chindwin Yomas, 
the Naga hill range between Palel and Tamu and also to mountains 
situated on the north-west of Imphal. 


North Burma Front: From the Special Force, which was flown to 
north of Katha in the northern Burma in March 1944, no scrub typhus 
was reported at first until May 1944, when some 50 cases were evacuated 
by air to hospital in the north Assam. Of these 15 died, and it is probable 
that a number of them had died in Burma before the disease could be 
recognised. In all 132 cases were reported from the various units of 
this force, nearly 77 per cent. occurring in the 14th Indian Infantry 
Brigade. The most likely foci of infection were the foot-hills to the south 
and south-east of the Indawgyi Lake. The terrain there consisted of low 
hills covered with scrub and mingled with fallow and cultivated paddy 
fields. Eleven cases occurred among units of the Fort Hertz garrison 
while camping on the Myitkyina—Fort Hertz road. About 200 cases 
also occurred among the American forces operating further north near 
Shaduzup between March and May 1944, The Special Force was 
relieved in July 1944 by another division, and very few cases were 
reported at first during its advance down the railway corridor towards 
Sahmaw. Only 18 cases were notified during August 1944, and 33 in the 
following month. Early in October 1944, as operations proceeded 
south of Mawlu towards Pinwe, the incidence suddenly rose and during 
the last quarter of the year 231 cases were admitted to the hospital. The 
peak period was the later half of November and December 1944 after 
which the disease ceased as abruptly as it had begun. At first sight it 
appeared that these troops were infected in virgin jungle. ‘Their camps 
were in forests with a closed canopy and leaf-litter floor, but from there 
they patrolled for a distance of four to six miles in all directions. Audy 
(1947), during the course of a survey in September-November 1945, had 
observed from the-air that, at least on the Mawlu side of the forest belt, 
their range included a number of restricted clearings and some paddy 
strips. ‘These restricted clearings are at times particularly dangerous 
and it is not at all certain that infections were actually derived from 
the depth of the Pinwe Forest Reserve as there were a number of water- 
meadows which could have served as infected foci, There was also an 
eee ae village at Mawlu from which infection might have been 
acquired. 


South Burma Front (Arakan): During the year 1944, only a few 
cases occurred among the troops in the Arakan. Up to the end of 
October 1944, the number of cases reported was less than 30, including 
a small localised outbreak in Cox’s Bazaar. The valley of the Kalapanzin 
river where the troops had been operating was thus not an infective focus. 
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In November 1944, however, as Operations extended to the neighbouring 


valley of the Kaladan nearly 100 cases occurr 

i ; an, ed among the 

canoe The infection was apparently acquired in the wer Ml on 
aterside ponzos and the old camping sites. Towards the end of 1945. 

A small outbreak occurred among the West Africans who had come 

: rough the Arakan and along the T angup-Prome Pass without suffering 

rom scrub typhus and who had then occupied a small neglected Japanese 


camp site in the foot-hill f 
of the Arakan Yomas. A Serie SU miles from. Frome an the Burma side 


Troops in Burma: In 1944, the 11th East African Division suffered 
some 900 casualties from scrub typhus mostly between Mite Hill (near 
the Indo-Burma border) and Kalewa. This area lay in Kabaw and Kale 
Valleys and the chief foci of infection were around Moreh and Indaing- 
gale. The number of cases in the L of C troops in the valley in July and 
August 1945, was 24 plus 57 cases in the Kalewa area which were mostly 
in late August 1945. These valleys are only ten miles wide, stretch for 
a distance of 140 miles from north to south and are separated from the 
Chindwin by a narrow mountain belt. These are alluvial and the soil 
15 mostly silty loam, in parts sandy and in others clayey. The forest 
vegetation is mostly indaing with reserves of teak. The canopy is open 
and there is an undergrowth of knee-to-waist high grass mixed with a 
few other plants and a number of ‘in’ seedlings. There were many grassy 
blanks in such forests and large tracts of ground appeared to be water- 
logged during the monsoons. In the dry season the grassy undergrowth 
was generally burnt over vast areas annually. Apart from the grassy 
blanks mentioned, the jungle was particularly interrupted by sweeping 
areas of elephant grass (kaing) and by fallow paddy fields or cultivated 
grounds. Whenever cases were pinpointed they seemed to be always 
related either to human habitations or watercourses, 1.e., to waste lands 
or ponzos and to water-meadows. 


Most of the 57 cases in 1945, mentioned above were ascribed to 
the Indainggale-Kalewa area. In addition, 13 cases occurred among 
the IWT units including men operating on the river between Myingyan 
and Kalewa. These were probably infected at Kaing or Kalewa. The 
majority of the cases were in Pioneer corps, labourers employed in road 
clearing and the fetching of metals and stones from nearby for repairs 
to certain road sections between Indainggale (on the Imphal-Kalewa 
military road) and along the Myittha gorge which were particularly 
troublesome. The military road was L shaped with Kalewa at the end 
of the lower limb. An East African battalion had a severe outbreak 
of 85 cases in early December 1944, in this area, This battalion, after 
leaving Indainggale on the vertical of the L on its way to Kalewa and 
cutting across to a track which led to a tributary (the Bon chaung) for 
part way along the lower limb of the L, reached the Bon chaung crossing 
by 24 November 1944, The first case was reported on 26 November 
1944. A week after this the cases rose rapidly and reached the peak 
on 11 December 1944, when 14 cases were admitted to the hospital. The 
number then fell off rapidly. The battalion reached Kalewa ultimately 
on 3 December 1944, and left it on 16 December 1944, on the return 
journey to Tamu, getting a few more cases. It appeared that there were 
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more than one focus of infection, partly radiating from the extensive 
Kaing water-meadows near Indainggale and partly from the village of 
Natkyegon on the Bon chaung. Another outbreak of importance in 
1945 was at Kaing, an alluvial area in the S bend of the Chindwin 
opposite Kalewa, in a labour unit, 360 strong. There were 13 cases, 
including the unit barber, a typical occupation incidence. The camp 
was sited on a grassy area, and adjoining it were the village of Kaing and 
a low-lying swampy tract through which a stream flowed. 


There were several outbreaks in the Prome area. Prome was one 
of the most bombed towns in Burma and was razed by fire in 1942. 
Five BOR muleteers, whose units had moved through Prome to Shwe- 
daung, seven miles south on 23 June 1945, were admitted to hospital 
suffering from typhus between 4 and 8 July 1945. They had lived in 
Burmese huts made of bamboo and surrounded by waste land. The 
monsoon was at its height at that time. Another unit, 700 strong, had 
32 cases—17 in July 1945, 10 in August 1945, and 5 subsequently. This 
unit had arrived during heavy rains on 1 June 1945, and cleared and 
occupied an area within Prome, south-east of the jail. Two weeks later 
they started clearing a second site south-west of the jail. The first case 
was 14 days later and followed by 11 more within a fortnight. Both the 
areas were overgrown with high grass and scrub. The first in which no 
cases occurred had been abandoned for over two years and was over- 
grown largely by Eupatorium and there were a large number of old 
buildings on it. The second area had many brick and timber buildings, 
mostly collapsing, in which a number of Burmese had been living. A 
second unit, 450 strong, arrived in Prome on 23 June 1945, and 
occupied a set of blocks opposite to the jail. They had four cases after 
the fourteenth day of their arrival. A third unit, 300 strong, had arrived 
on 18 May 1945, and cleared and occupied a similar area on the out- 
skirts about one mile north of the town and had 20 cases starting from 
20 June 1945, including a clerk, tailor and a carpenter. It appeared that 
these men had acquired infection from the waste land around the camp 
and probably also from a strip of elephant grass between part of the 
compound and the Irrawaddy. They were foraging and defecating 
outside the camps, and the whole area, which had once been the market, 
was overrun by rats. 


Maldives: The outbreak which occurred in the Maldive islands in 
1941 has already been fully described above. 


Ceylon (Among East African Troops): In December 1945, a brigade 
of the 11th East African Division which went on five days’ exercise from 
11 to 15 December in the area between Embilipitya, Timbolketiya 
and Welawe Ganga River in the South Ceylon, had 713 cases of scrub 
typhus among the East African troops and 43 among the British. Cases 
began to be admitted by hundreds to the hospitals from 22 December 
1945, onwards. The mortality rate among the East Africans was 1:3 
per cent. and none among the British. This outbreak was in a constella- 
tion of ponzos within which there were 800 acres under chena cultivation 
by war-time syndicate. In January 1944, T. deliensis was found freely 
infesting two Rattus ratius kandivanus caught in a grassy ponzo. Inci- 
dentally it may be mentioned that this division had the misfortune 
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to suffer another 900 casualties from scrub i 

t typhus during the mons 
season of 1944, in the campaign down the Kabaw Valley. “ia the cane 
health reports of the Director of Medical and Sanitary Services, Ceylon 
only 66 cases of typhus fever had been recorded over a period of 13 years 
from 1930 to 1942, and this outbreak of scrub typhus was so unexpected 


that when a signal message was sent to the GHQ, it was desired to be 
confirmed. 


Scrub Typhus among the Japanese troops in Burma: It is likely that the 
Japanese troops suffered heavily from scrub typhus casualties during 
their campaign in Burma. From documents captured from them, it 
appears that they could not at first recognise the disease encountered 
in Burma as their own tsutsugamushi fever. In a captured Japanese 
document dated Maymyo, 12 December 1943, the following (translated) 
passage occurs in respect of an outbreak of scrub typhus at Tentha which 
is some ten miles below Imphal: “ It is not yet clear just what areas are 
favourable for the Burma eruptive fever but it appears to occur most often 
along river banks. According to reports it is especially prevalent among 
units that bivouac in dry grassy areas which in monsoon season are 
covered in thick mud owing to the overflow of rivers. For example, a 
Yumi Meidan Infantry which was encamped in such areas had several 
patients suffering from this disease. When the unit, however, moved 
to a cool dry district this disease suddenly disappeared altogether”. 
Another captured Japanese report, dated 9 January 1944, gave an account 
of 81 cases in Japanese units resting in the upper Chindwin during the 
previous four months. They had 25 cases in Sagaing, 8 in Mandalay, 
10 in Amarapura and 13 in Paleik near Myitnge. Even at that time they 
were uncertain about the identity of the disease which they non-commit- 
tally continued to call as Burma eruptive fever. Later they suffered 
several thousand casualties in that very area, After the Japanese 
surrender, Lieutenant-Colonel Hayakawa of the Japanese Medical 
Service stated that he had later at Singapore examined sera and 
guinea-pigs, inoculated from the 81 cases which had occurred in and 
around Mandalay and found high titres against OXK and established 
a strain of rickettsia. These cases had previously presented a clinical 
picture of scrub typhus and the mortality was 7:4 per cent. 


TYPHUS GROUP OF FEVERS IN THE INDIA COMMAND FROM 1944 To 1946 


1944: The incidence of the typhus group of fevers in the India 
Command in 1944 was 2:3 per 1,000, thereby showing a marked increase 
when compared to previous years. This increase was entirely due to 
the fact that the troops had occupied jungle training areas 1n the foot-hill 
tracts in the Southern Army, the serological variety being almost in- 
variably OXK. There was no doubt that most sub-mountain regions 
in India were endemic foci of the OXK variety of typhus fever and that 
when susceptible persons occupied such areas, outbreaks often consi- 
derable in size, occurred. That this state of affairs had so far ien 
largely unsuspected was due to the fact that non-immune persons na 
not so far occupied such areas in any number. 
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1945: The number of cases of the typhus group of fevers, diagnosed 
in the India Command during 1945, is shown in Table IV. 


TaBLe IV 


Distribution of different types of typhus fever cases—Indian and British troops 
including civilians treated in military hospitals—India Command—1945. 





Types of typhus 

















Provinces EN 3 a 1 a A = 
1c €a ite ë a 
borne | borne | borne Clinical Total 

Bengal and Assam af 2 | 14 | 310 45 | 371 
Punjab and North-West | 

Frontier Province ki 1 45 7 7 60 
Bombay Presidency Si 10 55 14 25 104 
Southern India .. pi 10 30 18 54 112 
Central Provinces a 6 7 13 7 33 
United Provinces Pp 3 10 8 5 26 


All India .. | 39 161 | 370 143 | 706 





Bengal and Assam were the chief scrub typhus provinces of India and 
their incidence was far higher than any other province. The incidence 
of scrub typhus was six times greater than murine typhus. The majority 
of murine typhus cases in 1945 were from the town of Calcutta. The 
incidence of tick typhus was insignificant. All the three types of typhus 
were fairly well represented in the United Provinces, though the inci- 
dence of murine typhus was higher than others. The available data 
did not in reality present a true picture of the whole province and were 
representative of the plains only. Investigations in the Kumaon hills 
had revealed that scrub typhus there was as common as in Assam or 
Burma. The low figures shown were due to comparatively fewer troops 
being stationed in the area. Punjab was a predominantly murine typhus 
area the incidence of the other types being comparatively insignificant. 
The disease was found to spread more or less uniformly over the whole 
of the province, The type of typhus, however, present in the north 
and north-eastern hills was not investigated. In the Central Provinces 
the incidence of scrub typhus was slightly higher than others but all the 
three types were fairly well represented. A special feature was the 
relatively high endemicity of tick typhus. In the Bombay Presidency 
the incidence of murine typhus was the highest and it was 3:2 times 
more common than scrub typhus. The tick and scrub typhus had a 
more or less equal distribution. In the South India (excluding the 
Bombay Presidency) all the three types were represented but the murine 
typhus had the highest incidence and scrub typhus the next higher. 


3 The figures in Table IV are total figures. The figures of different provinces are, there- 


fore, not comparable with each other ; only the relative incidence of different types is of value. 
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Considering the whole of India the various types in order of importance 
were scrub typhus, murine typhus and tick typhus; but if Bengal and 
Assam were to be excluded, murine typhus was the chief problem in 
the rest of India. Tick typhus from the available evidence was the least 
important because it had not only the lowest case incidence but the 
rickettsial strain was also not highly virulent. Up to 1945, only two 
strains had been isolated—one from a patient in Poona and the other 
from the tick Haemaphysalis leechi var indica in Imphal. Although both 
these strains had shown some antigenic relationship to R. rickettst casual 
organism of Rocky Mountain spotted fever, yet they produced very mild 
symptoms in the guinea-pig and died out after a few passages. Kumaon 
strains were found to behave in a similar fashion, though this was not 
yet quite confirmed. Although scrub typhus was found to occur in India 
all the year round, yet the peak period was noticed to be from July to 
November. This seasonal incidence was found to coincide with that of 
most of the countries where scrub typhus was prevalent. In the greater 
part of these areas, the period of maximum rainfall, high temperatures 
and luxuriant vegetation was from June to September. These conditions, 
either directly or indirectly, contributed towards a rapid increase in 
the mite population and'a consequent rise in the number of scrub 
typhus cases. 


1946: During the year 1946, the number of cases of typhus group 
of fevers diagnosed either serologically or clinically in the India 
Command declined and was 315 as against 706 in 1945, Details are 
given in Table V. A comparison between the incidence of different 
types of the fever of typhus group in 1945 and 1946 is given in 
Table VI. 


TABLE V 


Distribution of different types of typhus fever cases—Indian and British troops 
including civilians treated in military hospitals—India Command—1946. 























Types of typhus 
Provinces — Total 
Tick Flea Mite Clinical 
borne | borne | borne 
Bengal and Assam bs l 13 76 7 97 
Punjab and North-West 
Frontier Province ia 2 47 
Bombay Presidency i 2 30 
Southern India .. bei 6 31 
Central Provinces pü 11 E 
United Provinces ax | 3 
All India i | 95 | 134 
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TABLE VI 


Comparison of the incidence of different types of typhus fever—Indian and British 
troops, including civilians treated in military hospitals—India Command— 
1945 to 1946. 





Tick-borne | Flea-borne 





Mite-borne | Clinical 


Year Act- Act- Act- Act- Total 
ual | per | ual | per | ual | per | ual | per 
num-| cent | num-| cent | num- | cent | num- | cent 





ber ber bér ber 
1945 32 | 451161 | 22:8} 370 | 52-51 143 | 20:2 | 706 
1946 95 | 7:9 | 134 | 42-5 | 124 | 39-41 32 | 10:2 | 315 























The most notable feature was the reduction in the percentage of cases 
diagnosed clinically. It was evident that much more use had been 
made of the increased facilities available for the confirmation of clinical 
diagnosis. In addition to the Weil-Felix test, which could be done in 
all laboratories, rickettsial agglutination and complement fixation tests 
were carried out by the Base Typhus Research Detachment in Poona. 
The great decrease in the number of mite-borne typhus cases was due to 
the reduction in the number of troops in the Bengal and Assam areas 
where mite-borne typhus was prevalent. The distribution and types of 
typhus present in different parts of India in 1946 are given in Table VII. 


TABLE VII 
Distribution* of different types of typhus fever cases—Indian and British troops, 


including civilians treated in military hospitals—India Command— 1946. 


Types of typhus 














Provinces A => Míz=2=—7—> A MM Total 
Tick- Flea- | Mite- | clini i 1 
borne | borne | borne canines 
Bengal and Assam da l 13 76 7 97 
Punjab and North-West 
Frontier Province 2 47 13 7 69 
Bombay Presidency a 2 30 14 10 56 
Southern India .. EN 6 31 6 l 44 
Central Provinces 11 6 3 4. 24 
United Provinces 3 7 12 | 3 25 





All India .. z 25 134 | 124 | 39 315 





4 The figures in Table VI are total figures. The figures of different provinces are, there- 


fore, not comparable with each other; only the relative incidence of different types is of value. 
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The seasonal incidence of different types is given in Table VIII. 
r Tasre VII 
easonal incidence of different t ; iti 
gr of different types of typhus fever cases—Indian and British troops, 


ans treated in military hospitals—India Command—1946. 
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INVESTIGATIONS BY THE BASE TYPHUS RESEARCH TEAM IN INDIA COMMAND 
IN 1946 


__ The Base Typhus Research Detachment located at the Central 
Military Pathology Laboratory, Poona, carried out animal experiments 
concerned chiefly with the isolation and maintenance of typhus strains 
by animal passage. A strain of murine typhus was adapted to guinea-pigs 
from the pooled brains of six wild rats. Serologically this was shown to be 
a murine strain but owing to lack of animals and the breakdown of the 
low temperature refrigerator, the stored material from this strain was 
lost before cross immunity tests could be performed. Three strains were 
isolated from pooled rat fleas, bandicoots brains and rat brains collected 
in Poona. The rat flea and bandicoot strains were proved to be identi- 
cal by cross immunity tests. The rat brain strain died out before it 
could be biologically identified but serologically it was a murine typhus. 
The rat flea strain showed no diminution in virulence even after the 
twentieth passage in guinea-pig. This strain was also adapted to rat 
and mouse lungs by intranasal inoculation. A strain was also isolated 
from the blood of a patient in the Aurangabad area. It was in its 
eighth passage in guinea-pigs in 1946, and was proved to be identical with 
the Poona rat flea strain by cross immunity tests. Thus, it was proved 
biologically that the strains isolated from rat flea, bandicoot and man 
were identical, A murine rickettsial suspension was prepared from 
stock murine strain (Mysore). When this strain was lost in mice owing 
to Salmonella (typhimurium) infection, the Poona rat flea strain was 
substituted. The suspension prepared from this strain was used with 
identical results as antigen in the rickettsial agglutination and comple- 
ment-fixation tests for the serological diagnosis of murine typhus. 


ACCIDENTAL LABORATORY INFECTION WITH MURINE TYPHUS STRAIN 


Four cases of accidental laboratory murine typhus infection 
occurred in members of the staff undertaking intranasal inoculation work 
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in animals. In the first two cases infections were caused by the Mysore 
strain. Three 1 cc. doses of Cox’s epidemic vaccine at weekly intervals 
had been given prior to the commencement of the intranasal experiments. 
In one case where the inoculation had been given only one month pre- 
viously, the condition was severe; in the other who had been inoculated 
two months previous to exposure the illness was mild. 


The remaining two cases had been caused by a similar exposure to 
Poona rat flea strain. In their cases the protective vaccine used was 
Cox’s mixed with murine and epidemic, the inoculation being completed 
at least six weeks before hand. Neither illness was severe, but in one 
case after the initial fever which lasted three weeks small daily rises in 
temperature and pulse variation persisted for a period of six weeks, 
Diagnosis was confirmed in all the four cases by the Weil-Felix rickettsial 
agglutination and complement-fixation tests. 


INVESTIGATIONS MADE BY THE FIELD TYPHUS RESEARCH TEAM IN INDIA IN 1946 


The Field Typhus Research Detachment, under the command of 
Major S. L. Kalra, which had returned from Imphal in April 1946, was 
refitted, and at the end of July 1946 moved from Poona to Ranikhet to 
investigate the typhus group of fevers in the Kumaon hills, with particular 
reference to tick-borne typhus described by Megaw. The investigation 
was commenced in August and completed in October 1946. The areas 
investigated were Bhim Tal, Naini Tal, Ranikhet, Almora, Mukteswar 
and Kasauni. Mites found during the months of September and October 
were T. deliensis, Gahrliepia (Schongastiella) ligula and Euschongastia (lauren- 
tella) indica. T. deliensis was the most common and widespread species, 
except in Ranikhet where the predominant species was Gahrhepia 
(Schongastiella) ligula. The former, i.e., T. deliensis was found in Bhim 
Tal area, Naini Tal, Ranikhet, Almora, Mukteswar and Kasauni. The 
heights of these places varied from 4,000 feet to 8,000 feet. The climate 
in these hills is tropical and sub-tropical from the foot-hills up to 4,000 
feet while above this up to 11,000 feet, it is temperate. Up to 3,000 
or 4,000 feet the forest is mixed deciduous and evergreen while above 
this up to 8,000 feet the main forest trees are pines, yew, cypress, oak 
and low level silverfir. In the pine areas the ground is covered with 
dense grass and widely scattered shrubs but associated with other types, 
particularly oaks, and there is an extensive ground flora of herbaceous 
plants with moist soil which provides good foraging for rats and a suitable 
habitat for mites. A study of the types of vegetation in relation to the 
density of the mites revealed that the areas of the greatest risk were banj 
or oak forests and next in order were pine rorests if overgrown with thick 
grass. The incidence of disease was strictly seasonal in the months of 
July to September and closely related to the monsoons. ‘Twenty strains 
of R. orientalis were isolated—nine from rats, one from a bandicoot, eight 
from T. deliensis alone or mixed with other species, and one from 
Gahrltepia (Schongastiella) ligula at Ranikhet. The first species had so far 
not been found infected in nature. One strain was isolated from a patient. 
Protection experiments in rabbits eyes proved that strains from the patient, 
rat and mite were immunologically identical though two of these strains 
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were found t : . 
Tineo aces e peli immunologically from the Imphal and Ceylon strains. 


yphus occurred in thi . . ; 
were proved to be mite-borne Aarh area during this period and all 


Ticks found in the Kumaon area: The following species of ticks were 


found in th i i 
is He Kumaon area and are mentioned in order of their 
Ticks Hosts 
Rhipicephalus sanguineus R 
hatu. a .. Rat, dog, sheep, d : 
a microphylus (Australis .. Cow, me a a AA 
aemaphysalis .. Pa .. Sheep, goat and dog. 
Rhipicephalus haemaphysaloides . . .. Horse. 
ard le oP in .. Sheep, goat and soil. 
ER ia .. Rat (f in Al è 
Argus persicus T sa i Fow! ileal, 


Nine guinea-pigs inoculated with seven batches of Rhipicephalus sanguineus 
from Bhim Tal and two batches of Ixodes ricinus from Almora had a 
definite rise of temperature after an incubation period of 8 to 12 days. 
Scrotal reaction was present and rickettsia like bodies were seen in spleen 
smears; but the complement-fixation tests with Rocky Mountain spotted 
fever antigen were reported negative by the Base Typhus Research 
Laboratory. Furthér investigations to determine the relationship between 
these strains and other types continued.* 


Flea-borne Typhus: One strain (of murine typhus) was isolated from 
a ca in Ranikhet. Xenopsylla cheopis and N. punjabensis fleas were found 
in tnis area. 


Typhus Group of Fever in the Central Provinces: The Field Typhus 
Research Detachment arrived in Jubbulpore from Ranikhet early in 
November 1946, and commenced investigation in the Jubbulpore—Seoni 
—Chindwara area. 


In Chindwara the investigation was started in the middle of 
November 1946. Three strains of R. orientalis were recovered from mites, 
one from a rat and one from a field mouse. Later, two strains of R. moosert 
were isolated from rat fleas. The rodent, Tatera indica, was sparsely but 
uniformly distributed over the Chindwara area, and in certain portions 
the population of the field mouse was unusually high. During Novem- 
ber-December 1946, nine cases of typhus occurred in the Jubbulpore 
area—seven had high OX2 agglutinins, one high OX19 and one high 
OXK. Five patients with high OX2 agglutinins were studied and two 
strains were recovered. 


PREVENTION OF SCRUB TYPHUS 


Avoidance of infected sites: The most obvious and effective measure 
in the case of non-operational or peace-time typhus was the avoidance 
of the infected sites which were most likely to be found in scrub jungles, 


i ici fever group; 
5 It was later proved that strains from Ixodes ricinus belonged to the spotted ; 
and strains isolated From Rhipicephalus Sanguineus 10 Kashmir were more close to boutonneuse 


fever than Rocky Mountain spotted fever. 
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jungle clearings, especially, deserted villages overgrown with elephant 
grass and small trees, and rivers and streams bordered by tall grass. For 
this a previous knowledge of the endemicity of the district of are is of the 
greatest help. Detailed maps of the endemic areas. were prepared by 
attempting to accurately pinpoint all the cases notified. Trapping of 
rats intensively for a few nights before or on occupation was often found 
helpful and this was strictly confined to the areas to be occupied. If 
possible, 20 to 30 rats were trapped within a single homogeneous unit 
such as garden or the proposed camp sitein the shrub. If break-back. 
traps were used the rats were examined within an hour or two of death 
otherwise the mites escaped. During the typhus season, from July to 
October, the presence of 20 per cent. or more of the rats with ochre or 
orange coloured colonies of mites in their ears, one-tenth of an inch or 
more in diameter, may be taken as the infestation range which includes 
most endemic foci of practical importance. 


Acaricides: For operational typhus the choice is necessarily restricted 
and reliance had to be placed on acaricides and protective clothing. 
DMP and DBP were the common acaricides used and the following drill 
for the application of DMP or DBP, which had been tried out in the 
field in the South-West Pacific Theatre and where the typhus incidence 
was reduced by 75 per cent., was adopted in all the divisions of the 
Eleventh Army Group, SEAC, in all forward areas from which typhus 
cases were notified. DMP(Skat) or DBP, when available, was smeared 
by hands from a tin containing the liquid as follows:— 


6 smears to each sock. 


30 smears to the trousers, viz. 10 smears to each leg and 10 smears to the 
rest of the trousers. 


30 smears to the shirt, 5 to each sleeve and 20 to the body of the shirt 
or blouse. 


During the process of smearing the finger tips of the one hand were dipped 
into the tin and then wiped on the palm of the other hand. The open 
hands were then brushed together and dried on the clothes with a washing, 
movement for socks and rubbing the surface of trousers, shirt or puttees. 
A smear meant each dipping of the fingers into tin for the application of 
liquid to hands. It was immaterial whether the inside or the outside of 
the garments was smeared. The whole procedure was carried out in a 
drill in order to be effective and resting divisions were explained and 
demonstrated what to do before entering dangerous areas. When the 
repellents were applied in a drill in the manner pointed out, it was found 
that DMP was effective until the clothes were washed for the fourth time 
and DBP until they were washed for the ninth time, Washing meant 
only thorough washing with soap and water. Officers commanding 
the field hygiene sections were instructed to take particular care to 
demonstrate this drill during all training courses then in existence and 
also to all divisional and corps troops so that the drill became known to 
all officers and other ranks. Containers were in short supply so that 
they were returned to stores for refilling. It was observed that 1 oz. of 
either DBP or DMP per fortnight was enough to impregnate shirt, 
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trousers and socks. Once thoroughly smeared, a garment could prevent 
es from biting for at least eight weeks and all very ps 

ón The DMP, although more potent, had not a lasting effect 
and was not available in such large quantities as DBP. With troops in 
jungle battle-dress much more attention was required to be paid to the 
gap between the trouser top and the jacket than to the ankle site which 
were ordinarily well protected against mites by heavily impregnated socks, 
puttees, and trouser bottoms. Since blankets were rarely washed treat- 
ment by DBP (16 ozs. per blanket) was quite effective as the effect on 
mites could last for at least three months if not almost indefinitely. 


Investigations on Acaricides: Most of the work on mite-poisons such 
as DDT, DBP and DMP was done in Australia by McCulloch (1946), 
this work being based on similar work done in the field or scrub-itch 
mites at Orlando laboratories, Panama, USA. Uniforms impregnated 
with one or the other of them were washed in different ways (with hot 
or cold water, with and without soap) and for a varying number of times. 
They were then exposed to direct sunlight, to rain and muddy water, etc. 
Under each set of conditions the stopping time of the larval mites suspec- 
ted to be vectors was observed. The conclusions were that all the three 
substances poisoned mites, and that DBP, in virtue of its persistence in 
spite of six or seven washings, was the most effective. Field observations 
established that by its use fully 75 per cent. of the cases could be averted. 
About the middle of the year 1945, the War Department of the USA 
announced that on the recommendation of the Surgeon-General the 
OMG was replacing DMP with benzyl benzoate in the clothing impreg- 
nation for the protection of troops against scrub typhus. Such clothing 
could withstand more laundering as compared with those impregnated 
with DMP. The procedure recommended was the dipping of clothing 
in an emulsion of 5 per cent. benzyl benzoate in water. One treatment 
was effective for two weeks. (7. Amer. med. Ass. 1945). The possibility 
of ne a rash, especially with benzyl benzoate, has to be kept in 
mind, 2 

Personal Precautions: When suspicious areas had to be traversed 
or when a camp was required to be sited in them strict personal precau- 
tions were necessary as during operations it was at times not possible to 
burn the grass and undergrowth of such areas. All exposed areas of skin 
had to be protected by clothing while passing through such localities and 
if the night had to be spent in them the use of improvised charpoys to 
raise the sleeper off the ground or the use ofimprovised hammocks became 
essential. Padding with brushwood and grass was strongly discouraged 
and the charpoy was covered with ground sheet and their edges were 
smeared with DBP. The possibility of the mites crawling on to camp- 
beds laid on infested grounds has to be borne in mind. The use of local 
or indigenous labour which may be less susceptible to scrub typhus than 
recent intruders like the troops, may often be desirable. 


Civilising of an Area: Other measures of importance in reducing 
the scrub typhus incidence were civilising of an area by the cutting of 
paths and by strewing of such paths and tent floors with sand. This 
was based on the consideration that larval mites preferred humid condi- 
tions and will burrow into the ground should conditions become 
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iy A similar effect was obtained by bulldozing a camp site 
cee in removing mites depended upon the thoroughness with 
which it was applied. This method was much favoured by the American 
forces. Firing grass and undergrowth as a measure of field control was 
often found to have no appreciable effects on the mites in the soil. 
Adult mites were found freely infesting the soil on a part of the 
Mite Hill in August 1944, which had been burnt over some seven 
months previously. Ground clearing was found to give positive results 
within a week or two after completion, but it was found necessary to 
combine with it measures for the elimination of the hosts (e.g., rats). Rats 
could be reduced considerably in numbers by trapping or poisoning, and 
when break-back traps or poisons are used it is well to remember that 
mites begin to leave a dead rat within an hour or two and can remain 
viable. They, however, do not wander far and, therefore, the ground 
up to a distance of 18 inches or so from the spot, where a dead rat may 
have been picked up, should be turned over, sprayed with waste oil and 
beaten down. 


Other Control Measures:® Cultivation and possibly grazing of the 
area have been recommended as economical methods. Bushland (1946) 
suggested the practical value of spraying infested ground with diesel 
oil at the rate of 40 gallons per acre and repeated at intervals of two days. 
Kawamura (1926) had found petroleum emulsion effective in this 
respect. 


METHODS OF SURVEY 


Reference may now be made to the importance of survey in scrub 
typhus control. Before any effective measures for the control of mites 
could be adopted it will often become necessary to get some idea of the 
problems involved. For this purpose survey will be essential. Schemes 
for carrying out reconnaissance and more elaborate field surveys are 
described in detail in Appendix 6 of the War Office reports prepared by 
Audy (1947) while the application of air photography to survey and 
research is discussed in Appendix 4 of the same report. Survey of the 
area by aerial photograph and some knowledge about the distribution 
of the vector on the ground and the degree of infection present in the 
local mites and hosts should enable the formulation of the place both for 
the avoidance of exposure and partial eradication of the disease. The 
field surveys generally were designed to collect information regarding the 
extent of infestation of local rodents and shrews, the population of free 
larvae on the ground and the degree of active infection among the local 
hosts and mites. Techniques were evolved or adopted by the team at 
Imphal for examination of rats under anaesthesia, use of local wild rat 
as bait for collecting larvae from the ground, the use of cardiac blood as 
inoculum for the recovery of infection, freeing of larvae from debris for 
identification or inoculation, the use of light trap devised by Cockings for 
the collection of larvae the rats being naturally disinfested. Incidentally 
disease so long as the drug wat piven od Er na ited values it suppressed the clinical 
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it may be mentioned that the local wild rats which "were hardy and 


required little attention were profitably used as temporary repositories for 
the inocula from infected material, 


PROTECTIVE VACCINE’ 


Fulton and Joyner (1945) succeeded in making a vaccine of high 
rickettsial content from the lungs of cotton rats and this proved effective 
in protecting man against scrub typhus in the laboratory. In June 
1944, this was reported to the Typhus Research Commission. A limited 
field trial of the vaccine was begun in the autumn, small amounts being 
dispatched to Dr. Lewthwaite for the inoculation of selected army units. 
Before the efficiency of the vaccine in protecting man could be esta- 
blished an urgent request was received from the SEAC in November 
1944 for 15,00,000 doses of the vaccine, the dead-line date for the first 
1,00,000 doses being fixed for August 1945. In spite of the lack of 
positive scientific evidence of protection in man, the army authorities 
decided that, in view of the very large number of troops involved and the 
possibility that the vaccine might save lives, its mass production should 
be undertaken. Large quantities of vaccine were, therefore, prepared by 
the Wellcome Foundation for the Ministry of Supply and as the material 
became available it was sent to the Headquarters, ALFSEA. The sudden 
end of the war against Japan prevented the assessment by the army of the 
efficiency of the vaccine. During 1942-45, there were 14 cases among 
the laboratory and field workers who contracted the disease. Three 
were field workers, two of them members of the scrub typhus commis- 
sion’s field laboratory at Imphal; all recovered. Eleven were engaged 
in laboratory bench work in connection with vaccine production; three 
of them died of infection, one in Melbourne (Australia), one ir Bethesda, 
Maryland, USA, and one in the Rocky Mountain Laboratory, Hamilton 
Montana, USA. Six of the 14 cases had been vaccinated against scrub 


typhus with a full course of experimental cotton rat-lung vaccine, and 
all of them recovered. 


PROGRESS ABOUT SCRUB TYPHUS KNOWLEDGE DURING THE WAR 


The position of knowledge at the commencement of hostilities has 
already been stated. As a result of the war-time investigation, it was 
established that the disease known in India, Burma and Ceylon as scrub 
typhus was identical with tsutsugamushi fever of Japan, and strains of 
tsutsugamushi were recovered from a number of areas, from patients, 
mites and wild rats from certain parts of India, Assam, Burma and Ceylon. 
The widespread nature of the disease and its patchy distribution became 
well recognised. There is now a considerable amount of knowledge in 
respect of terrain favourable for mites so that schemes for prevention and 


7 Later studies have shown that vaccine has been a failure in scrub typhus, probably due 
to differences of strains. The meagre trials in World War II did not show that it was effective, 
and after the war the Americans have tried it in Japan with equally disappointing results. 
Scrub typhus is a military problem that still awaits solution; vaccine is not effective; chloromy- 
cetin is not a drug that can be safely given, as a suppressive, to large body of troops for an 
indefinite period; DBP can reduce the risk, but not eliminate it, 
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control can be based on proper estimation of risk of infection by survey, 
including the study of air photographs. T. deltensis was established 
as the vector in all the areas investigated in India, Burma, Ceylon and 
the Maldives. Studies on the bionomics of T. deliensis suggested the 
assumption that T. deltensis and T. akamushi were the only vectors of 
universal importance and that in endemic areas the larval population of 
T. deliensis exceeded that of all other species. It was also recognised 
that the success of T. deliensis as a vector of scrub typhus is associated 
with the considerably high rate of its turnover as compared to other 
species. In the eastern regions T. deliensis was found to be the major 
trombiculid ectoparasite of field rats and it now appears that T. deliensis 
and T. akamushi may be the extreme forms of the same polytypic species, 
the chief members of the biologically successful group of mites, the 
tsutsugamushi group. In monsoon climates the larvae of T. deliensis 
were found to have a seasonal incidence related mostly to the presence 
of moisture and this seasonal increase of larval population was respon- 
sible for the outbreaks of scrub typhus noted amongst the population at 
risk such as troops. There were certain perennially infested foci which 
should be regarded as dangerous owing to their acting as centres of dispersal 
of both mites and disease. The relationship between human activity 
associated with primitive cultivation and the production of conditions 
favourable for the growth of the mites and the disease was established and 
scrub typhus began to be considered as a man-made disease. The two- 
fold importance of the hosts (mostly murids but to some extent tree 
shrews and squirrels) is now apparent. Firstly, their potentialities as 
reservoirs rest on the assumption (as yet unproved but for good reasons 
generally assumed) that mites can pick up infection from rats. This still 
remains to be proved but suggestive results were obtained in an attempt 
to infect T. deliensis experimentally while some important observations 
were made in the course of infection in the principal host of T. deliensis 
in the Imphal area. Secondly, the manner in which the distribution and 
also the population of the vector mites were related to the numbers and 
habitats of the hosts were considerably clarified. Finally a system of 
survey was evolved comparable in its methods and purpose to malaria 
surveys. Practical points in the field control also emerged together with 
several techniques valuable for field workers. 


PREVENTION OF TICK AND MURINE VARIETIES OF TYPHUS 


Investigations, carried out in the India Command during 1945 
and 1946, revealed the presence of murine and tick typhus in the various 
parts of India. Reference has already been made to them in the earlier 
portions. In 1944, Pasricha described what appeared to be an out- 
break of Q fever in Dehra Dun while Audy described an isolated outbreak 
of an OX2/OX19 type, clinically tick typhus with eschars, but sero- 


logically murine typhus in Bhopal State in 1945 (Audy, 1947). It thus 


appears that the African type of tick typhus may be represented in 


A as well as the Rocky Mountain type and Q fever (Rickettsia burneti). 
a murine typhus is similar to plague in its epidemiology and carried 

y Xenopsylla brasiliensis and Xenopsylla cheopis the usual methods for the 
control of plague will apply in the case of murine typhus as well. The 
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practical measure for the prevention of tick typhus was the avoidance of 
tick bites. In tick infested regions protective clothing such as high boots, 
leggings, puttees and heavy socks worn over trouser legs have often been 
found useful. As ticks can crawl up on the outside of the clothing 
careful inspection every day with particular attention to the back and 
neck is essential. Parker (1938) reported that only 64 cases, out of the 
15,000 vaccinated with phenol-formalised emulsion of ground-up infected 
ticks in endemic regions in America, developed Rocky Mountain spotted 
fever. As this type of rickettsial disease hardly offered any problem to 
the forces in the Far East, there was no occasion to try the vaccine. 
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CHAPTER XXVIII 
Sandfly Fever 


Sandfly fever has a wide geographical distribution in tropical and 
sub-tropical countries; it is more prevalent in the latter. It was found | 
in many countries where fighting took place or where large bodies of 
troops were stationed in World War II such as the Mediterranean 
Littoral, Egypt, Palestine, Syria, Iran and the north-western parts of 
India. The disease often occurred in sharp explosive epidemics and 
full recovery was slow. Owing to these reasons, it was of considerable 
importance to troops in the endemic areas, The incidence was highest 
among the British troops in India, particularly among those recently 
arriving in endemic areas; the next highest incidence was among 
the hill races such as Gurkhas or Dogras. A great majority of persons 
were attacked during the first two years of their arrival in an endemic 
area while those habitually residing in such areas showed a high degree 
ofimmunity. ‘The same person sometimes had two or even three attacks 
in the same season. The natural immunity after the attack of fever 
lasted only a few months. In the North-West Frontier Province of India 
and the Punjab, sandflies appear about the middle of March and persist 


till November. April and May are the months when they are found 
in largest numbers. 


INCIDENCE IN THE INDIA COMMAND 

Indian Troops: The incidence of sandfly fever among the Indian 
troops in the India Command and Northern Command (later North- 
Western Army) was as follows:— 


TABLE I 


Incidence (rate per 1,000) of sandfly fever—VCOs € JORs—India Command 
and Northern Command (later North-Western Army)—1939 to 1946. 











India Northern Com- 
Year Command | mand (later North- 

Western Army) 
1939 e m 5:99 7:80 
1940 T a 5-94 11-40 
1941 o * ? 10:01 21-30 
1942 T va 6:20 16:00 
1943 as hi 2:36 5:74 
1944 T sa 2:25 9"L7 
1945 eS T 0-69 2°43 
1946 ” ws 0:28 0:70 


Pr S 
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During 1939, over 700 Indian soldiers suffering from sandfly 


fever, were admitted to hospitals. The comparative incidence (rate 
per 1,000) in the various districts was as follows:— 


Lucknow District 


Rawalpindi District 3:6 
Peshawar District ; «~ 132] 
Kohat District Bs ew 1258 
Western (Independent) District 13:7 
1-7 

12-8 


Delhi (independent) Brigade Área .. 


l In these places spraying alone or spraying combined with fumiga- 
tion was adopted as an anti-mosquito and anti-sandfly measure for 
some years and these had brought about reductions in the incidence 
of sandfly fever, the most remarkable "reduction having been achieved 


ia Kotal, which used to be the hot-bed of sandfly fever, as shown 
elow :— 


Year Number of cases 
1934 a oe .. 224 
1935 i re vx 239 
1936 Ji P .. 97 
1937 a ‘aie an E 
1938 És i ». 19 
1939 aa 29 


The Peshawar and Rawaipindi Districts had shown progressive 
fall in the incidence during the last few years, but Damdil in Waziristan 
District, a typical perimeter camp at medium altitude with mud-walled 

' huts and perimeter wall, was responsible for a considerable number 
of cases. One Gurkha battalion had nearly 120 cases during the summer, 
whereas the next door battalion had practically none, In the Western 
(Independent) District, the Indian troops, in contrast to the British, 
showed an increase of 94 cases due to heavy infection at Quetta, Loralai 
and Fort Sandeman. The Eastern Command figured prominently in 
1939 with many cases from Agra and Lucknow. The latter place 
had cases, not only in June, when the disease was prevalent among all 
the troops, but also in autumn when there was an influx of recruits and 
reservists. 


The incidence of sandfly fever for the various districts from 1939 
to 1945 is given in Table Il. 
Taste II 


Incidence (rate per 1,000) of sandfly fever in- various districts—VCOs & IORs 
—1940 to 1945. 


es 








i 

District : 1940 | 1941 | 1942 | 1943 | 1944 | 1945 
Reskeawar | 19-6 | 450 | 45°5 | 251 | 239 | 67 
Kohat .. .. | 16°9 16:2 | 6:1 6-7 6-6 3'1 
Rawalpindi Ka 2:8 24°7 | 9-7 2:1 4-0 1-9 
Lucknow $ 0:3 16°9 5-8 1:0 0-7 0:8 
Waziristan | 165 | 21:1 28-5 7-3 18-7 1:3 
Lahore .. i | 5:6 9-7 5-1 2-7 1-7 0:6 


O eee A eee eee ee 
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British Troops: Sandfly fever showed a distinct rise for the British 
troops in 1939, the admission rate per 1,000 being 30°67 as against 24°80 
per 1,000 in the previous year due to an epidemic at Agra in the Delhi 
(Independent) Brigade area which showed a sudden rise from 340 per 
1,000 in 1938 to 53°5 per 1,000 in 1939; the Lucknow area also showed 
a rise and there was a marked increase of nearly 8 per 1,000 in the 
Rawalpindi District area. There was also a rise in the Lahore District 
owing to 74 cases being recorded at Sialkot and Ferozepur during the 
hot weather. At Agra on 6 September 1939, there was an immense 
downpour with 15 inches of rain during two days as a result of which 
considerable damage was caused to the mud walls. This was follow- 
ed by an epidemic of sandfly fever with as many as 50 admissions of 
military personnel in one day.” In the Lucknow area, sandfly fever 
was very prevalent in the pre-monsoon period. A similar state of affairs 
existed in the Presidency and Assam District with the result that the 
sandfly fever admission rate for the Eastern Command rose to 35°34 
per 1,000. In the Rawalpindi District, the admission rate per 1,000 
rose from 7:71 to 51:00 which was the highest figure recorded during 
the previous ten years. 


The admission rate per 1,000 for 1940 was 25°75 but the rate for 
1941 rose to 38°06. The rise was mostly due to higher admission rates for 
this disease in the Northern Command where an anti-sandfly campaign, 
chiefly by spraying, had been in progress since 1937. ‘The factors 
responsible for the failure of the campaign and rise of the admission 
rates were that the anti-sandfly measures during the year were less 
efficiently carried out, there was a high proportion of unsalted troops in 
the command, and the increased building activities, trench-digging 
and climatic condition provided greater facilities for the sandflies to breed. 
In 1942, the admission rate per 1,000 fell to 25°25 and this was due to 
a decrease of the incidence of sandfly fever in the North-Western Army 
from 90°29 in 1941 to 68°00 in 1942. In 1943, the rate per 1,000 
fell further to 12:14 and this was due to marked decreases of rates in the 
North-Western Army and the Central Command during the year. It 
is probable that the decrease in the incidence of sandfly fever during 
1942 and 1943 was in part, if not mainly, due to the intensive anti- 
mosquito spraying which had been carried out in India during these 
two years. Since the sandfly breeds close to barracks and spends a 
large part of the day and night inside them, it is even more vulnerable to 
spraying than the mosquito. It is noteworthy that the all-India rate 
for oriental sore, another disease borne by the sandfly, was marked by 
a similar reduction in 1943 when compared to previous years. 


l Further decline in the incidence of sandfi fever istered 
in 1944, 1945 and 1946. ‘The stations which Showed Cova 
higher incidence in 1946 were Lucknow (32:8), Peshawar (26:5), Agra 

(22:5), Delhi (196), Nowshera (19-0) and Rawalpindi (13:7) Although 
there was reduction in the admission rate per 1,000 from sandfly fever 
in all the commands, the Northern Command showed the ree fall. 
The admission rates per 1,000 from sandfly fever during 1939 to 1946 
among the British troops in India in general, and in the north-western 
part of India in particular, are shown in Table III " 
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Tase IIE 


Incidence (rate per 1,000) of sandfly fever —BORs—India Command and Northern 
Command (later North-Western Army)—1939 to 1946. 





Northern Com- 


Year India mand (later 
| Command | North-Western 
| Army) 

1939 | 30-67 52-39 
1940 | 25:75 51:27 
1941 38-06 90-29 
1942 | 25-25 | 68-00 
1943 Be oa 12-14 | 48-90 
1944 T 24 7:47 | 49-20 
1945 5-33 15-00 
1946 3-30 | 7:40 


INCIDENCE IN THE MEF 


There were 2,208 cases of sandfly fever in the MEF during 1945, 
and this disease was responsible for 1:25 per cent. of the total admissions 
to hospitals. In the Persia and Iraq Command, 1,722 cases occurred 
during the year and the admission rate per 1,000 was 24-60, the rate 
for the whole Force being 4°87. In Baghdad, sandfly fever was 
_notoriously endemic and was often the commonest cause for admission 
to hospital. The Indian troops had 1,119 cases of sandfly fever in the 
MEF and the United Kingdom troops 719, the admission rate per 1,000 
for the former. being 12:19 as against 5°10 for the latter. The annual 
admission rates per 1,000 by various commands of the Force are 
given below:— 


TABLE IV 


Incidence (actual number and rate per 1,000) of sandfly fever—All categories of 
troops—MEF—1945. 











Actual ¡ Rate per 
Command number | 1,000 
Egypt di e 171 | 0-72 
rendir = we 3 0-14 
Palestine T wi 152 2-12 
Tripolitania .. T 35 | 3°53 
Syria A si 62 | 2:14 
Cyprus ai as 61 | 12-39 
Sudan and Eritrea | 2 | 0-45 
Aden ee TE aa Ka 
Persia and Iraq ss 1,722 | 24-60 
Total MEF | 2,208 | 4°87 
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Cullinan and Whittaker (1943) described an epidemic of sandfly 
fever which occurred in two adjoining hospitals in the Middle East. 
In one hospital, there were eight attacks among the 30 medical officers, 
20 among 80 nursing sisters and 280 in 420 other ranks (several of the 
other ranks having two or more atiacks). Between 27 August 1942 
and 10 September 1942, more than 70 men were admitted to hospital, 
and on one day there were 87 sick. The epidemic lasted for three months 
from August to October in 1942. During this period, 1,910 patients 
were admitted and 365 of these were attacked after admission to hospital 
for some other disease. Most of the cases occurred in the wards 
the surroundings of which were littered with stone and rubble from 
recent building operations; wards not far away, with tidy surroundings, 
had relatively few cases. 


Stone-built and tented wards were equally affected. In the other 
hospital, which was adjoining the first one, the officers and sisters were 
attacked in about the same proportion as in the first one; there were 
171 admissions from an average strength of 210 other ranks and about 
30 more were treated in their quarters. This hospital only began to 
receive patients about the beginning of September 1942. Sandfly 
infestation was heavy in both the hospitals, and attempts to control it 
had produced little effect. In addition to strict anti-malarial operations, 
the tents and huts of the first hospital were sprayed with insecticide thrice 
daily from early in September 1942, and sandfly nets were used. It 
was found impossible to deal with the breeding grounds of sandflies, 
and the epidemic ceased abruptly at the end of October 1942. 


SANDFLY FEVER ENQUIRY 


An investigation on sandfly fever was carried out in Peshawar 
during 1938 and 1939. This enquiry was conducted under the aus- 
pices of the King Institute of Preventive Medicine, Guindy, Madras. 
Systematic trapping of sandflies showed that Phlebotomus minutus and 
Phlebotomus papatasti were not present either at the beginning of the 
Summer season or in the autumn when the maximum temperatures 
were below about 75-80°F and minimum of 45°F with a relative 
humidity of about 40-45 per cent. It was noticed that as the tempera- 
ture rose or fell so the period required for complete metamorphosis 
of the sandfly also shortened or lengthened. The duration of the various 
stages in its life cycle as noted during July and August were egg 4-6 
days; larva 14-17 days; and pupa 5-10 days. The average total 
period of the life cycle was 26-30 days. During September and October, 
the egg stage lasted for 6 days, larval 17 days, pupal 19 days and the 
average total period of the whole cycle was 42 days. It will thus be seen 
that the chief variation noticed was in the pupal or resting stage. 
As sandflies breed mostly in the cracks of walls and buildings especially 
at their bases the application of coal-tar to the footings of all buildings 
for a distance of two feet upwards and outwards from the junction of 
a with the ground was tried as a measure for control. Observations 
En e ae a period of ten weeks showed no appreciable reduction in 

© sandily population of the buildings until the coal-tar applications 
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were extended to the Interior of the wall-floor junctions when a reduc- 
tion of 25-50 per cent. in the number of sandflies was noticed. 

_ Investigations regarding the efficacy of insecticidal spray solutions 
against sandflies were also carried out. Of the kerosene base solutions 
lethane and the three pyrethrum extracts, viz., Pyefly, Pyrocide 20 
and Pyracetone were found effective. Lethane was found to be most 
economical and the dose required appeared to be constant, for example, 
in a closed room, sprayed either with an atomiser or hand-spray, an 
atmospheric concentration equivalent to 7-0 cc. of pure solution per 1,000 
cubic feet of air was found to kill all the sandflies present, and concentra- 
tions as low as 0°8 or 10 cc. per 1,000 cubic feet were found to reduce 
the number of sandflies present by 50-60 per cent. Pyrethrum extracts 
were found to be expensive for use, the dosage appeared to vary at 
different dilutions and there was little residuary repellent effect so that 
evening spraying gave the most satisfactory results. It was observed 
further that all these solutions could be used with success in much 
weaker strengths than the official dilutions. For example, lethane was 
found to be effective at 1 in 66 instead of 1 in 33 as recommended and 
pyefly at 1 in 100 instead of 1 in 64. Two water-base insecticides, e.g., 
Deskito and Multicide were also tested, and it was found that using 
a 7 per cent. solution, a concentration equivalent to 20 cc. of the pure 
solution per 1,000 cubic feet was necessary for killing the sandflies. 


An effort was also made to determine the maximum altitude at 
which P. papatasii could be found. They were met with in large 
numbers at Landi Kotal which has a height of 3,500 feet and where the 
disease generally prevailed in epidemic form in the summer months. 
At Cherat, which has an altitude of 4,500 feet and is 40 miles distant, 
and at Abbottabad, 4,000 feet high and 110 miles distant, sandfly 
fever was reported in sporadic form, thereby suggesting that the disease 
was either imported from the plains or was misdiagnosed, In each of 
these places, a trained collector worked for two weeks and collected 
the sandflies. The flies collected were sent to Guindy, Madras, for 
identification. No P. papatasit were found among the specimens collect- 
ed at Cherat, but only two were found among those from Abbottabad. 
Examinations of earth samples for sandfly larvae were carried out by 
means of a special apparatus, in which the soil was broken up in a con- 
centrated solution of magnesium sulphate and the supernatant material 
floated off to a settling tank and thence to a filter paper on a Buchner 
funnel. Of the 15 specimens examined, two gave positive results; 
these were taken from shady places and contained a fair amount of 
moisture. 

Sera were also collected during the first three days of fever from 
78 cases of suspected sandfly fever. After desiccation of a process of 
freezing in vacuo, over sulphuric acid, they were despatched to the 
King Institute of Preventive Medicine, Guindy, for further examination. 
In Peshawar, 70 of these sera were tested for the presence of virus by 
chorio-allantoic membrane inoculation, and it was found that the virus 
was present in 40 sera, absent in 16 and its presence was doubtful in 14. 
Fifty-one specimens of sera were collected from sandfly fever convales- 
cent patients at Peshawar at intervals of 40 to 180 days from the date 
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of the onset of fever and despatched in an undried state to the King 
Institute of Preventive Medicine, Guindy for the investigation of neutralis- 
ing anti-bodies. The sera received from Peshawar were also tested 
for the presence of virus at Guindy but it could not be demonstrated 
in the majority of cases. It appears that the sera were subjected to 
abnormal temperatures during transit and this among other factors prob- 
ably accounted for this failure. Serum and cerebrospinal fluid from 
a case of sandfly fever collected on the first and second day of the 
disease were tested for the presence of virus which was found to be present 
in both as judged by lesions obtained on the egg membranes. 


PREVENTIVE MEASURES 


As the infection is transmitted solely through the agency of sand- 
flies, their destruction was the most important preventive measure. 
A spot map was found to be useful in drawing attention, if large number 
of cases of sandfly fever were occurring in any building within a given 
area. It was found necessary to control all possible breeding sites within 
100 yards of the affected barracks, particular attention being paid to the 
closing, by resurfacing if necessary, of all cracks in mud walls and 
sides of culverts and nullahs. If dilapidated buildings could not be put 
in proper state of repair, they were demolished. Cracks in the ground 
and masonry of occupied buildings were generally obliterated either 
by levelling or plastering. The application of coal-tar to the walls of 
buildings both inside and outside for one to two feet in each direction 
at the junction of wall and ground was found a valuable measure and 
this work was undertaken before the commencement of the sandfly 
season. 


The most important measure, however, was the destruction of 
sandflies by insecticides. In the Delhi (Independent) Brigade Area, 
where the admission rate per 1,000 among British troops from sandfly 
fever had jumped from 34-0 in 1938 to 53°5 in 1939, the usual methods 
of control were applied energetically, including the spraying of buildings 
with insecticides, and it was observed that the epidemic ceased as 
abruptly as it had begun. In the Northern Command, as a whole, 
the incidence of sandfly fever was brought down appreciably by the 
spraying campaign which was found effective even when carried out 
every fourth day. In the Western (Independent) District, much 
improvement was noticed in the incidence of this disease and this was 
attributed mostly to improved accommodation in new barracks, 
destruction and removal of old buildings and rubble and the increased 
efficiency of spraying. The spraying campaign was first instituted 
in the Northern Command in 1937. Prior to that year the admission 
rate per 1,000 from sandfly fever used to be high, but from that year 
onwards considerable fall in the rate was noticed as shown in Table V. 


Any insecticide, which was used for the destruction of mosquitoes, 
was found effective in destroying the sandflies. DDT, owing to its persis- ' 
tent or residual effect, became the insecticide of choice and marked 
improvement was noticed towards the later years of war when it was 
increasingly brought into use. Sandflies of the genus Phlebotomus are 
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TABLE V 


Incidence (rate per 1,000) of sandfly fever—BORs—Northern Command— 
1932 to 1938. 


e a o a A a, 





Year 

1932 de T as 84-38 

1933 as > ‘3 85°58 

1934 T aN T 80:04 

1935 de ET T 82:37 

1936... # fi 80-37 l 

1937 es jk sip 51-15 (Spraying campaign 
started this year) 

1938 ls as po 47°57 
1 





notoriously difficult to control, but observation of their habits suggested: 
that they might be vulnerable to DDT films on the walls of buildings. 
Those species whose habits have been studied move by short flights, 
alighting on stones and other obstacles as they approach the house. 
Instead of entering at once, they tend to alight on the outer walls and then 
with a series of short hopping flights, with relatively long pauses, make 
their way into buildings. Once inside, they usually rest on the walls 
for some time before attempting to feed. Laboratory tests in Italy 
showed that contact with DDT caused a knockdown of Phlebotomus 
perniciosus and Phlebotomus parroti var. italicus in 6 to 15 minutes while 
P, papatast required 15 to 40 minutes. Field trials were made by 
Hertig and Fisher (1945) in the Dead Sea area near the Jewish 
Agricultural Settlement. There P. papatasii were abundant and cuta- 
neous leishmaniasis was endemic. Five per cent. DDT in kerosene 
oil was sprayed to various parts of the buildings at the rate of 1 to 1:5 
gallons per 1,000 square feet. The results were judged by fly counts, 
and by statements made by inhabitants on the number of bites. The 


spraying of the rooms inside gave perfect or near perfect control, and 
no bites were reported. 


The measures for personal protection against mosquitoes such as 
long sleeves, trousers and the use of repellents like DMP also helped to 
protect against sandflies. Philip, Paul and Sabin (1944) succeeded 
in obtaining direct evidence of its efficacy in controlling sandfly fever. 
In a barrack containing some 170 American soldiers on the outskirts of 
Cairo, the use of this repellent was the sole preventive measure employ- 
ed during a period of five weeks in the epidemic season. Bottles of DMP 
and of distilled water with or without a few drops of methylthionine 
chloride (to serve as control) were supplied to men occupying alternate 
beds; 5 cc. of repellent was used per man per day, this amount being 
spread as a thin film, just before the man retired, on the forehead, sides 
of face, neck, hands, forearms and any other exposed surfaces. Of the 
men using the repellents, 42 per cent. reported relief from bites; of those 
receiving the control solution 12 per cent. reported relief. Of the men 
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receiving the repellent, two acquired sandfly fever, but both admitted 
that they had failed to apply it for several consecutive nights prior to 
contracting the disease. Of those receiving the control solution or 
no solution, 12 acquired sandfly fever. 

The ordinary mosquito-net was of hardly any protective value 
sandflies which, being 1/12 inches long, could pass through its 
A sandfly net, with 45 meshes to the square inch, was not usually 
popular as the close mesh reduced air movement to such an extent 
as to cause discomfort, and electric fans or pankhas hung low gained 
popularity for repelling sandflies. Inthe Baghdad area, however, which 
had at times the highest incidence for sandfly fever, sandfly nets were 
extensively used in addition to the use of anti-mosquito cream and 
sprays. Hurricane lanterns, placed in tin trays having thin layers 
of kerosene oil in them, were tried there as sandfly traps and they 
not only proved effective but served as excellent detractors of 


sandflies. 


against 
mesh. 
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CHAPTER XXIX 
Schistosomiasis 


Schistosomiasis is generally prevalent in West Africa, North 
Africa, particularly Egypt, Iraq, Palestine, Cyprus, China, Philippines 
and Japan. During World War II, Indian and British troops either 
took part in the campaigns conducted in these regions or formed part 
of the forces occupying some of the countries after the close of the 
hostilities, It is not a disease which occurs in India, but the fear of its 
importation by the Indian soldiers returning from the endemic areas of 
Africa and Asia or by the foreign troops stationed in the country was 
ever present in the minds of the civil and military medical authorities 
in India. This question had first attracted attention after World War I 


when some of the Indian troops returned from Egypt after contracting 
the disease there. 


Between the years 1903 and 1905, only five cases were recorded 
in India among individuals who had throughout their lives either not 
left India or not visited areas where schistosomiasis is endemic. 
Andreasen and Suri (1945) reported schistosomiasis from Rawalpindi 
in a Sikh soldier who was a resident of the Ambala District in the Punjab 
and who had never left India; he had been in Poona for a short period 
during which the West African troops happened to be stationed there. 
He complained of a slight injury received while playing games and 
noticed blood in his urine. Examination showed the presence of a 
larger number of ova of Schistosoma haematobium in his urine. 


The arrival in India, in 1944, of the 82nd West African Division 
with a high incidence of schistosomiasis amongst them and the return 
of a small number of infected Indian soldiers from Iraq and the Middle 
East again gave rise to anxiety that the disease may be introduced and 
infection established in the indigenous water snails. Investigations carried 
out in 1918, at the instance of Government of India, had shown that the 
chief carrier of S. haematobium was not to be found among the fresh water 
gastropod molluscs of India. The presence of a large number of West 
African troops, stationed in the Ranchi area in the later half of 1944, 
was a factor disturbing enough to arouse the apprehension that the disease 
might affect the local population and gain a foothold in the country. 
Investigations carried out in Nigeria in one of the brigades of the 82nd 
West African Division had disclosed a high rate of infection and this 
aggravated the feelings of uneasiness regarding the introduction of 
the disease. 


OUTBREAK OF SCHISTOSOMIASIS IN THE ÍST WEST AFRICAN INFANTRY BRIGADE 


The 82nd West African Division arrived in India in August 1944, 
and was stationed in the Ranchi area. It consisted of the Ist, 2nd and 
4th West African Infantry Brigades. The division contained a certain 
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ortion of the BORs and all its officers were British, the total strength 
Being 22,152. During the months of January, February and March 
1944, the Ist West African Infantry Brigade had to undergo a course of 
training in watermanship at Epe in South Nigeria, and the men frequently 
bathed in a large lagoon during this period. In F ebruary and March 
1944, about 16 British soldiers were admitted to hospital with an 
undiagnosed complaint, the chief features of which were fever, headache, 
cough, urticaria and sporadic diarrhoea. About the middle of April 
1944, the pathologist, who was investigating these cases first discovered 
schistosome ova in the faeces of some of the patients, the large majority 
being S. haematobium. During the following two months a survey was 
made of all the British troops of the brigade who had been exposed to 
infection and a partial survey of the African troops. It revealed such a 
large proportion of men suffering from schistosomiasis that the consultant 
physician recommended a course of treatment forall the British and 
African troops in the brigade. The symptoms were predominantly 
rectal and infection with both S. haematobium and Schistosoma mansoni 
was found although the former predominated. During May and 
June 1944, all the British troops exposed to the contaminated water at 
Epe were treated in the hospital but the African troops with the excep- 
tion of 1,000 men of the 3rd Battalion of the Nigerian Regiment, who 
were hospitalised, were treated in unit lines. In the case of British 
troops the treatment was combined with thorough microscopical investi- 
gation which resulted in the discovery of many positive cases. 
The majority were due to infection with S. haematobium, and the ova were 
nearly always found in the faeces. In July 1944, the Ist West African 
Infantry Brigade embarked for India, but those who were still positive 
at that time (and of these there was a high proportion) were detained. 


INCIDENCE 


_ West African Troops in India: In view of the high incidence of 
schistosomiasis in the Ist West African Infantry Brigade, it was decided 
to make a survey of the remainder of the troops (both British and West 
Africans) of the 82nd West African Division. The investigation was 
chiefly confined to the detection of ova in the urine. It was found that 
a number of British and African troops were passing red blood corpuscles 
in their urine without ova being present. For the purpose of the survey 
it was laid down that any British case having more than ten red blood 
corpuscles per (low power) field in his urine should be tested daily. If 
a second specimen of urine was found to have the same concentration 
of red blood corpuscles, he was regarded as positive and such cases 
were called RBC positive in contradistinction to ova positive. An 
African showing more than ten red blood corpuscles per (low power) 
field in his urine for the first time was treated as positive. Working on 
these lines, the Initial survey showed that 2 per cent, of the British 
troops were positive for ova and 1:5 per cent. for RBC, whereas 22 per 
cent. of the Africans were positive for ova and RBC. 


When this initial survey was about to end in Au 
i t 1944, the ist 
West African Infantry Brigade arrived in India, Investigación of the. 
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British troops during the voyage revealed that 55 out of 87 original 
positives had relapsed, and it was finally decided that all the British 
troops should be treated. They were downgraded to category ‘C?’ 
in which they remained until final cure was established. So far as 
the Africans were concerned, it was agreed that they should be given 
a course of treatment after which they were to return to duty. In all 
1,814 British and 21,338 African troops were examined during the survey 
carried out in India, and the results are shown in Table 1. 


TABLE 1 


Results of the survey in respect of schistosomiasis carried out in India among 
African and British troops of 82nd West African Division. 

















Number Number positive Percentage of 
examined for ova and RBCs positives 
Formation __A _— >_—_- _—_———_ S = 
African | British | African | British | African | British 
troops | troops | troops | troops | troops | troops 
Ist West African | | | | | 
Infantry Brigade 
(Nigerian Brigade) 5,596 394 553 55 | 9-88 | 13-96 
2nd West African | | | | 
Infantry Brigade | | 
(Gold Coast Brigade)| 5,863 396 1,085; 12 | 18-50 | 3-03 
4th West African 
Infantry Brigade : | | 
(Nigerian Brigade) ~5,712 434 1,523 21 | 26°66 | 4:84 
Divisional troops | ' 
(Mixed troops) .. 4,167 | 590 479 37 | 11:49 | 6:27 
AR gŘŘŮĖ 
Total .. | 21,338 | 1814 | 3,640 | 125 | 17-06 : 6-89 
| 


The survey suggested that the British troops serving in West Africa 
were lable to acquire infection without their knowledge. It also 
appeared that schistosomiasis was more prevalent in Nigeria than Gold 
Coast if the figures for the 2nd and 4th West African Infantry Brigades 
were taken into consideration. With the exception of a relatively small 
percentage, a chronic infection of schistosomiasis in the Africans appeared 
to have no apparent deleterious effect on health, whereas in the British 
soldiers the infection produced clinical signs and symptoms at an early 
stage in the greater proportion of cases. During this investigation, it 
was observed that injections of antimony preparations made it easy 
to demonstrate the ova in the urine. 


East African Troops: Schistosomiasis was also common among 
the East African troops who were allotted to the SEAC. In 1945, 
an East African general hospital reported 88 cases of which 55 were of 
the vesical type, 31 of the rectal and 2 of both rectal and vesical types. 
The last two cases were examples of double infection as they passed 
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the ova of $. Aaematobium in the urine and of $. mansoni in the stools. It 
was observed that infection with bacillary dysentery group of organisms 
or with histolytica was at times superimposed on chronic schistosomal 
colitis. 

Australian Troops: Schistosoma japonicum was endemic in certain 
parts of the Eastern theatre where the Australian troops operated, and 
a number of cases occurred. 


Indian Troops :*Exact figures in respect of the incidence of schisto- 
somiasis among the Indian troops are not available. An outbreak of 
schistosomiasis occurred in a battalion of the 7th Gurkha Rifles stationed 
at Khanaqin at the foot of the Western Iranian hills in 1941. The 
majority of the cases came from the headquarters company who reached 
this place in the hot month of August in advance of the main body and 
whose men bathed for long periods daily in a river. On emerging from 
the water the men noticed a tingling sensation of the skin but, neverthe- 
less, they continued to bathe daily. Haematuria occurred some three 
months later. All cases were found to be infected solely with 
S. haematobium. 


In 1945, two cases of schistosomiasis among the Indian troops 
were reported in the SEAC. 


INVESTIGATIONS CARRIED OUT IN INDIA REGARDING TRANSMISSION OF 
SCHISTOSOMIASIS 


In June and July 1944, Mukerji, Bhaduri and Narain (1946) 
began a survey of gastropod molluscs. Batches of snails were collected 
by Narain from the Ranchi area and from Chas (near Purulia). They 
were taken to Calcutta for experiments. In the first experiment, all 
the snails died within four days of their contact with the ova of 
S. haematobium from urine. In the second experiment, the snails instead 
of being exposed to ova were exposed to a number of freshly hatched 
miracidia. Except for five Acrostema all the snails died within a month, 
and examination of these five at the end of two months showed no infec- 
tion. The species of snails used in the experiment were JIndoplanorbis 
exustus; Acrostoma variabile; Limnaea luteola; Melanoides tuberculatus and 
Vivipara bengalensis. 

A few African troops were also found infected with S. mansoni, 
and the Opportunity was availed of to conduct transmission experi- 
ments using as intermediate hosts the species of snails found in the 
Calcutta area. The ova were obtained in a concentrated form by repeat- 
ed sedimentation of faeces in water. The snails were kept in contact 
with the miracidia. Some of the snails died within three days and these 
were rejected; the rest were dissected as they died or were sacrificed at 
the end of 8-12 weeks; no parthenitae were found in any snail. 


The common species of snails met with in India are classified under 
a new genus called Indoplanorbis and this differs from the true Planorbis 
im the anatomical structure of the soft parts. Different species of 
Planorbis have been incriminated in the transmission of S. mansoni in 
different countries. Whether Indoplanorbis will serve as the intermediate 
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host in India in the transmission of $. mansoni was investigated, but in the 
experiments carried out at Calcutta they gave negative results, 


It was observed during these experiments that the miracidia of 
both $. haematobium and S. mansoni were not attracted to the snails when 


exposed; on the other hand they swam about without making any attempt 
to penetrate their soft parts, 


In two instances, the miracidia were notic- 
ed to attach themselves to a Melanoides and an Indoplanorbis, but after 
a short while they detached themselves. Examination of some of the 


snails under the microscope for as long as five hours also showed no 
penetration by the miracidia, 


Surveys of the fresh water gastropod molluscs of India by various 
observers have shown that intermediate hosts of human schistosomiasis 
as observed in other countries do not apparently exist in India. There 
appears, however, to be no biological grounds to think that the Indian 
snails would in future not adopt themselves to human schistosomes under 
conditions of heavy exposure to infection. Experimental work carri- 
ed out in the laboratory cannot be the final guide, as under natural 
conditions additional factors may come into operation. 


In 1944, a parasitological research team was formed by the GHQ 
under Major J. Hsu, IMS/IAMC, to investigate primarily the suscepti- 
bility of Indian molluscs to infestation with S. mansoni and S. haematobium. 
The experiments were in the first instance carried out with wild snails 
in areas known not to be exposed to infection by the West African troops. 
Subsequently, the team investigated the areas in which the African troops 
were located, viz., Manbhum District of Bihar and Chittoor District of 
the Madras Presidency. A total of 130,158 snails were collected between 
September 1944 and September 1945. All the snails were grouped in 
16 species. No recognised intermediate hosts of S. haematobium and 
S. mansoni were discovered in the areas investigated. A total of 65,987 
snails were examined by dissection and 14 species of cercaria were found; 
of these only two proved to be Schistosoma cercariae. One species was 
discovered in Zndoplanorbis in Bihar and the other in Lymnaea succinea 
and ovalis, The cercariae found in Indoplanorbis exustus were proved to 
be of animal origin, i.e., S. indicum (Montgomery, 1906) and the other in 
Lymnaea succinea and ovalis was also of animal origin, probably S. nasalts 
(Rao, 1932 as quoted in the Annual Report on the Health of the Army 
in India, 1945). 


PREVENTIVE MEASURES 


As soon as it was known that the African troops stationed in India 
were infected with schistosomiasis, instructions were issued for the proper 
disposal of their urine and faeces to prevent contamination of local water 
supplies. Troops were forbidden to bathe in ponds or other collections 
of water. The cercariae after emerging from their snail hosts swim about 
in water and are markedly attracted towards any part of the human 
body which enters the water. They readily penetrate the human 
skin or the mucous membrane and ordinary clothing, puitees and 
stockings do not provide any effective barrier against penetration | by 
cercariae. Troops serving in the endemic areas were warned against 
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f bathing at unauthorised places or wading through such 
Seen gates ane duck shooting without waders. Chlorination of 


‘es in ordinary doses was useless as a protection against 
inng a a e with half an hour’s contact was effective 
in destroying them. Although the Indian and British troops served in 
many countries during World War II, schistosomiasis was hardly a 
problem with them. This was due mostly to the use of super-chlorinated 
water subsequently dechlorinated and the prohibition of bathing in 


unauthorised water collections such as ponds, canals and streams in 
endemic regions. 

Experience in the American Army also showed that a residual 
chlorine of one part per million remaining after 30 minutes contact 
destroyed the cercariae. The practice in the American Army was to 
treat suspected water by coagulants and allow it to settle before filtration. 
The addition of chlorine at the same time as the coagulating chemical, 
was considered desirable, as it proved a considerable added measure 
of safety; the application of three to four parts per million of available 
chlorine was recommended. The water was allowed to settle from 30 
minutes to an hour or more. Even with this pre-treatment the output 
of some filters had to be restricted in order to ensure destruction of 
cercartae. ‘The water was post-chlorinated if the residual chlorine was 
less than one part per million in the filter effluent (War Department, 
Washington, 1945). 


The elimination of schistosoma worms from the system of affected 
troops and thus drying the reservoir of infection was an important 
prophylactic measure. The drugs used for the purpose were stibophen, 
anthiomaline (antimony thiomalate of lithium) and tartar emetic (sodium 
or potassium antimony tartrate). European troops of the Ist West 
African Infantry Brigade were treated with a total amount of 50 cc. 
of stibophen in Nigeria, but most of them relapsed on arrival in India. 
The 2nd and 4th West African Infantry Brigades were treated in India 
with intramuscular injections of anthiomaline, as stibophen was at 
that time not available. Treatment with this drug produced abscess 
in a large number of cases. Although to some extent toxic, tartar 
emetic was found by far the most satisfactory remedy and the relatively 
low incidence of schistosomiasis in the lst West African Infantry Brigade 
(10 per cent.) as compared with the 4th West African Infantry Brigade 
(26 per cent.) when tested in India was due to the previous treatment of 
the majority of the Africans of the former brigade with tartar emetic 
in Nigeria. Another advantage was that intravenous administration 
of this drug could be carried out in unit lines, and 4,000 African troops 
were treated in this manner in Nigeria. | 
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CHAPTER XXX 
Seasickness 


Naval personnel acquire adaptation to the motion of ships in due ` 
course, and seasickness is seldom a problem with them. In the case 
of military personnel the position is different. When bound for friendly 
territories they have ample opportunities to recover from the effects 
of seasickness, but when landing has to be made in the face of resistance 
the sickness may become a serious handicap to the assaulting 
troops. It may not, however, be such a serious problem as appears 
at first sight. Experience in the navy has shown that the ex- 
citement of an action often overcomes the sickness. Landings are not 
generally made in bad weather but circumstances do, however, at 
times, arise when landings in rough sea become necessary in order 
to exploit the element of surprise. This point is better illustrated 
by quoting a pertinent event. During World War II the Allied 
Expeditionary Force to Sicily sailed in July 1943. At 1,600 hours 
on D1 Day a gale was encountered and it looked doubtful 
whether the crafts loaded with troops could be lowered from the big 
ships or find their way to shore in heavy sea. Even if they could reach 
the shore it was feared that the waves might capsize some of them, 
while many might not be able to undertake a second trip. The wind 
was at that time blowing at 30 miles per hour and the paratroops were 
not expected to land if the wind speed was more than 15 miles. In 
spite of these adverse weather conditions it was decided not to postpone 
the landing. At 2,000 hours although the wind had abated slightly, 
yet the sea was still rough. The Italians and Germans felt sure that 
landings in such weather could not be contemplated, but when dawn 
broke they were surprised to see that the Allied troops had actually 
landed. In such circumstances the prevention of seasickness amongst 
the troops is obviously of great importance. 


Among the factors involved in the causation of seasickness, the 
effects of motion on the labyrinth, the viscera, the eyes, the blood in the 
great vessels and the somatic senses have been considered at one time 
or the other; even the influence of psychological factors has been 
discussed. J. R. Stocker (quoted in Roy. Nav. med. Bull., 1943) suggested 
in 1881 that the sickness might be due to the involvement of the 
pneumogastric nerve. Three years later T. T. Reynolds (quoted in 
Roy. Nav. med. Bull., 1943) advocated the use of atropine as a remedy. 
During the succeeding 60 years hardly any advance took place in the 
knowledge regarding the causation of seasickness though scraps of 
information were added here and there. This was mostly due to lack 
of opportunities for carrying out controlled investigation on seasick 
patients who generally resent interference, and also partly due to the fact 
that the observer himself has many a time succumbed to the malady. 
The treatment of seasickness has been empirical and drugs of the bella- 
donna group and general sedatives were widely used. The popularity or 
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otherwise of one drug as against another has depended mostly upon the 
inclination of the physician, as remedies were mostly suggested without 
any critical assessment of their effects. 


INVESTIGATIONS REGARDING THE EFFICACY OF SEASICKNESS REMEDIES BY 
THE MRC OF THE UNITED KINGDOM 


During World War II, when combined operations assumed im- 
portance and troops had to be landed on territories held by the 
hostile troops, attempts were made to evaluate some of the remedies used 
in seasickness, in the United Kingdom, India and other countries. 
Under the auspices of the MRC of the United Kingdom, Holling, Mc- 
Ardle and Trotter (1944) undertook clinical trials of some of the drugs, 
using a large series of healthy soldiers. They were taken out on two 
to six hours’ trips in minesweepers or trawlers in sufficiently rough 
weather and they generally returned to port when nearly 40 per cent. 
of the men on board became seasick. In these experiments there were 
two variables which had to be controlled and allowed for: the one was 
the variability of the motion and the other the susceptibility of the 
subjects. Variations in the degree of the motion were accepted as inevi- 
table and allowed for by the provision of an approximately equal 
number of control subjects on all occasions and variations in respect of 
susceptibility were allowed by the use of sufficiently large numbers 
of subjects in the treated and control groups on the assumption that each 
group would contain its fair share of men of different grades of suscepti- 
bility from the immune to the most susceptible. Whenever the weather 
was sufficiently rough a party of 70 soldiers was embarked on mine- 
sweepers or trawlers. Each man received a tablet of the drug or a dummy 
tablet an hour before embarkation. The men generally brought their 
army haversack rations and ate them as soon as they got on board, where 
they were free to move about. Their behaviour, i.e., whether they felt 
nauseated or vomited, was noted by an observer on each ship. They 
were also interrogated on return to the harbour. 


During the experiments the investigators tried to form an estimate 


of the protective value of each drug against seasickness by the following 
formula :— 


Susceptibles protected per cent. = 
(per cent. sick in control group) ~ (per cent. sick in treated group) 100 
 _ A - ll APA eee SICK In treated group 
(per cent. sick in control group) 


This formula, while it enabled a rough comparison to be made 
between drugs used in different trips, could be invalidated if it was shown 
that the efficacy of a drug (expressed as susceptibles protected per cent.) 
varied with the roughness of the sea (as estimated by the percentage 
sick in the control group). The results obtained in these trials, therefore, 
should be regarded an indication of the order of the efficacy of the drug 
rather than as an exact statement. The relative protective values of some 
of the remedies against seasickness tried are given in Table I. 
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Relative protective values of drugs against seasickness. 





Drugs tried Susceptibles protected 
(per cent.) 





Chlorbutol (chloretone) 0:52 g. 
Caffeine 0:13 g. 


ie e 0 
Dimethyl propanalester of tropic acid 0'4 g. 
Dioxydiethylpiperidine 0-2 g. .. > 0 
Hyoscyamine camph 0:8 mg. 7” 

Hyoscine camph 0 2 mg. 53 
Soda bicarb 400:0 mg. 

Methedrine 8 mg. .. 24 T 0 
Phenobarbitone 1 grain SS se 18 
Hexobarbitone 10 grain së 0 
Sodium hydantoinate 0-2 g. T 8 
d-hyoscyamine 2 mg. ap ais 25 
Homatropine 2 mg. .. s% .. 25 
Atropine 1 mg. a j “3 40 
1-hyoscyamine 0:96 mg. Sa id 40 
Hyoscine 0-6 mg. .. gé sà 57 
Hyoscine 1:2 mg. .. Ss a 73 





From the above it will be seen that methedrine, hexobarbitone, 
sodium hydantoinate and phenobarbitone were without appreciable 
effect under experimental conditions in the dosage used. Various 
drugs of the belladonna group—atropine, 1-hyoscyamine and hyoscine 
had significant effect on seasickness. Of these hyoscine seemed to be 
the most effective. The prevalent conditions, however, prevented an 
entirely satisfactory comparison between the drugs. Out of 218 men 
receiving 0°6 mg. of hyoscine during the experiment only 44 (20 per cent.) 
were affected with seasickness, whereas out of 212 controls 99 men 
(46°5 per cent.) were affected. The efficacy of hyoscine was thus 
established. The only unpleasant side-effect noticed at sea with the 
larger doses of hyoscine was the complaint occasionally made that the 
dryness of the mouth made mastication difficult; neither were the men 
drowsy nor did they complain of eye symptoms. 


For military purposes, it was considered that evidence so far 
produced could not be regarded as adequate for ruling out the possibility 
of the impairment of military activity. Observations were, therefore, 
made on men carrying out strenuous military exercise two hours after 
the ingestion of the drugs when the effects were at the maximum. It 
was noticed that although hyoscine (1:2 mg.) and /-hyoscyamune (0°96 
mg.) caused more unpleasant dryness of the mouth after severe exercise 
in those who took them than in the control subjects, yet the drugs had 


t A second batch of this proprietary drug, received from the manufacturers, was found 
to be without any appreciable effect (3 per cent. susceptibles protected). 
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no obvious effect on physical performance, ability to shoot, or on near 
vision, ‘These observations also showed that hyoscine did not dangerously 
diminish sweating in men undergoing severe exercise In a climate like 
that of the United Kingdom. 


In a small series of experiments in which two subjects took exercise 
in a hot chamber, Holling, McArdle and Trotter (1944) found that the 
sweat output was somewhat less, and the rise in rectal temperature 
somewhat greater, when 0°6 mg. or 1:2 mg. of hyoscine had been taken. 
The differences, were, however, small and probably insufficient to be of 
practical importance. 


Experiments conducted in Australia with 0°6 mg. dosage of hyoscine 
gave similar results, It, therefore, appears likely that hyoscine has no 
deleterious effect on men except those bordering on heat-stroke. 


Observations were also made by these workers during a voyage on 
troopship regarding the effects of repeated doses of hyoscine and atropine 
when used for a longer period. Owing to various unforeseen difficulties 
no reliable evidence of the effectiveness of either drug could be obtained. 
It was, however, shown that after an initial dose of 0°6 mg., hyoscine 
could be repeated in doses of 0°3 mg. at intervals of six hours for 48 hours 
without the appearance of obvious side-effects. As hyoscine appeared 
to have an undoubted effect in preventing seasickness on short trips it 
seems reasonable to assume that it would also be effective if given in this 
way on longer trips. 


TRIAL OF SEASICKNESS REMEDIES AMONG THE TROOPS NEAR BOMBAY 


Proposals for setting up a combined training centre in India were 
examined in 1942 upon the arrival of the 36th Indian Infantry Brigade 
from Madagascar, where it had been under training for amphibious 
operations for over a year. Ultimately a Combined Operations Direct- 
orate was established at the GHQ. The 36th Indian Division was form- 
ed by the addition of another brigade to the 36th Indian Infantry Brigade 
and was stationed near Bombay to train troops for amphibious operation 
on the Burma coast. After some time a combined training centre was 
built on Mahd Island some 30 miles north of Bombay, which possessed 
good beaches. Hill and Guest (1945) conducted experiments in the 
prevention of seasickness amongst troops in assault craft not far from 
Bombay on the west coast of India in latitude 19° North, one month 
before the commencement of the 1944 monsoon. Observations were 
made on 3,673 Indian and 1,667 British troops and a mixed group of 400 
troops. A comparison was made of the effect of hyoscine (grain 1/100), 
hyoscine (grain 1/100) plus amphetamine (5 mg.), hyoscine (grain 1/100) 
plus ergotamine (0°5 mg.) chlorbutol (grain 10), and ergotamine (0°5 
mg.) in preventing seasickness. In all these experiments control groups, 
who received inert pills under identical conditions, were organised to 
check the results. After discarding 2,102 observations on account of 
good weather or other reasons, 3,638 observations were analysed. 


wt i gi experiments hyoscine, either alone or in combination, 
was found to be the most satisfactory drug, and the protective index as 
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advocated by Holling, McArdle and Trotter (1944) exceeded 70 per 
cent. in each set of studies with hyoscine, apart from two improperly 
executed trials. The results were statistically assessed as highly reliable. 
Further examination of the results suggested that ergotamine was an 
ineffective remedy, and that chlorbutol, whilst effective in dhows, was 
ineffective in landing assault craft. Although the climatic conditions 
were favourable to the development of heat-stroke, yet no cases occurred 
among the 2,700 men given hyoscine (grain 1/100). The balance of 
opinion was that no untoward effect on military efficiency could be 
detected by the use of this drug in the dosage employed. 
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CHAPTER XXXI 
Skin Diseases 


Skin diseases are widely prevalent in tropical and sub-tropical 
regions and were responsible for a considerable loss of manpower during 
World War II, particularly in the eastern theatre owing to the peculiarity 
of its climate which for the greater part of the year was marked by 
conditions of high temperature and humidity. The incidence of skin 
diseases in ALFSEA was rather high. In the British troops skin infections 
were very common and tinea infection accounted at times for 50 per cent. 
of the cases admitted to some of the hospitals. In the first half of 1946, 
546 cases of ringworm infection were detected amongst the 1,189 BORs 
admitted for treatment. Pyogenic infections secondary to tinea were 
common, sometimes giving rise to large kerions of face and neck which 
cleared up rather slowly. Primary pyogenic infections such as classical 
impetigo were comparatively rare. A more virulent form of pyogenic 
infection known as bullous or tropical impetigo was met with in definite 
outbreaks during spells of very hot weather. The general incidence 
of skin diseases amongst the IORs in the ALFSEA was much lower, 
and tinea infections and impetigo comparatively rare. The majority 
of the cases amongst the IORs were of constitutional origin and this 
was responsible for the higher invalidating rate of the IORs in the 
ALFSEA from skin diseases which was about 40 per cent. as against 
10 per cent. for the BORs. Among the conditions which necessitated 
invalidating the foremost was cheiropompholyx. It was often alleged 
that this condition, when it occurred in the IORs, had an occupational 
basis, but there was little evidence in support of it as it was found in men 
of all trades and occupations and frequently failed to clear up even in 
hospitals, when patients were no longer in contact with the alleged irri- 
tant. Even the drier regions of the campaign, such as the Western Desert, 
Iraq and Iran, were not free from problems connected with skin diseases, 
and desert sores, diphtheria of the skin and dermal leishmaniasis often 
caused anxiety. It is a well recognised fact that the incidence of skin 
diseases bears a direct relation to the standard of personal cleanliness 
prevailing in a community and this applies equally to civil as well as to 
military populations. In forward areas washing facilities were sometimes 
meagre and on many occasions it was impossible to avail oneself even of 
these meagre facilities. In desert warfare the natural condition of terrain 
and the mobile nature of warfare imposed severe limitation on the amount 


of water available to troops, and this inevitably resulted in lower standards 
of personal cleanliness. 


_ In 1943, over 9°6 per cent. of the Indian and British troops in the 
India Command were admitted to hospitals on account of skin affections. 
Duemling (1945) describing his experiences during his two years 
service in a United States naval hospital, to which large numbers of men 
returning from the South-West Pacific were admitted, stated that 5 per 
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cent. of all admissions to the hospital were due to dermatological affect- 


tons, and 20 per cent. of these patients presented lesions of fungus 
infections of the skin, 


During World War 1, considerable loss of manpower had resulted 
from dermatological affections, and it was somewhat surprising that when 
World War II broke out there was not sufficient appreciation of the dis- 
abilities which could be produced by skin diseases both amongst the 
Indian and British troops. The common affections of the skin met with 
were scabies, prickly heat, impetigo, mycotic infections, jungle sores and 
desert sores. These are dealt with in this chapter together with a few 
others less important. It may be pointed out that in the classification 


adopted for statistical purposes scabies was placed separately and not 
included under skin diseases. 


INCIDENCE IN THE INDIA COMMAND 


In 1942, admissions to hospitals on account of skin diseases (includ- 
ing scabies and minor septic conditions) in the India Command averaged 
76°7 per 1,000 for the Indian and 93:2 per 1,000 for the British troops; 
in 1943 this rate had risen to 97°6 and 96°6 for the Indian and British 
troops respectively. Scabies alone with its complications was responsible 
for an admission rate to hospitals of 21:3 per 1,000 for Indian and 15:5 
per 1,000 for the British troops in 1942, In 1943, the rates per 1,000 
for scabies were 27:2 for Indian troops and 13°6 for British troops. 
Although skin diseases were regarded as trivial, yet they were responsible 
for the loss of many man-days. So far the Indian troops were concerned 
the importation of scabies by men returning from leave was an important 
factor which needed constant vigilance. The tendency for scabies to 
increase was noticeable throughout the greater period of the war as 
illustrated by the following table: 


TABLE 1 


Incidence (rate per 1,000) of scabies—VCOs € IORs and BORs—India 
Command—1941 to 1946. 


Year 








There is no doubt that the predominant cause for the increase of 
scabies amongst the Indian troops was the intensification of the recruit- 
ment campaign with the consequent influx into the army of large 
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numbers of men from the villages suffering from this disease. In the 
case of the British troops, it was observed that the high rates of scabies 
were associated with increased rates for venereal diseases, and it was 
considered that much of the scabies was the result of illicit sexual inter- 
course. The figures given in Table I do not, however, give a true 
picture of the morbidity caused, as many soldiers were given out-patient 
treatment. It is also probable that some minor dermatological conditions 
and lesser degrees of major ones were not reported or detected, and even 
if seen by medical officers were not recorded. Nevertheless, they must 
have caused some disability and loss of efficiency amongst the troops. 


During 1946, an outbreak of skin diseases (boils, impetigo and 
prickly heat) occurred in a station in the Eastern Command involving 
three British units. Investigations showed that this was due to the 
arrival of new drafts from the United Kingdom who were susceptible 
to skin diseases. Most of the men slept on bare blankets which were 
a source of constant irritation to the skin as bed-sheets were not authoris- 
ed and only two pairs of trousers and one of shorts were allowed—an 
arrangement which did not permit proper laundering. 


INCIDENCE IN THE ASSAM-BURMA REGION 


On the Indo-Burma front skin diseases ranked eighth or ninth 
amongst the causes of morbidity and some idea of the loss of manpower 
caused will be obtained when the incidence amongst the Indian and 
British troops is considered. Relatively, the skin diseases continued 
to be responsible for an increasing share of morbidity amongst the troops 
when compared with other causes of sickness although there was some 
reduction in this towards the later period of the war. The rates per 
1,000 for hospital admissions on account of skin diseases and scabies 
are given in Table 11. 


TABLE If 


Incidence (rate per 1,000) of skin diseases and scabies—VCOs € IORs and 
BORs—Eastern Theatre—1942 to September 1945. 


Skin diseases Scabies 
Year | > 
VCOs & VCOs & 
1942 .. ot 12-4 38°2 15:'9 7:9 
1943 .. a 25:4 50:0 27°6 16°8 
1944 ., - 26°7 36°1 23°4 13°4 
1945 (January to 


September) ne 17:8 384 9-5 | 4-1 


A 
KA re mr rt 


5 The relative morbidity rates, l.e,, percentage to the total sickness 
or the above category of military personnel were as follows:— 
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Tase III 


Relative morbidity rates (percentage to total sickness) of skin disease J 
s and scabies— 
VCOs & IORs and BORs—Eastern Theatre—1942 to September 1945, 


A A lr rt 





A 





¡—— a iaeŘŘĖÍě 








Skin diseases | Scabies 
Year _ _—_— __ o > — 
VCOs & VCOs & 
IORs BORS : [ORs BORS 
1942 El 14 37 | 0-8 
1943 e 24 20 | 1-0 
1944 a 2-9 2:7 1-0 
1945 (January to 
September) Ga 5°] 6:6 0-7 
| 


at A A ħŘĖŘiiħi 


FACTORS RESPONSIBLE FOR THE HIGH INCIDENCE OF SKIN DISEASES IN THE 
EASTERN THEATRE 


The essentials of dermatological hygiene are to keep the skin 
„clean and allow it to carry on its natural function of keeping the body 
temperature normal. At times the very conditions under which the 
campaign was conducted militated against the fulfilment of these require- 
ments. In the eastern theatre the troops taking part in the campaign 
were drawn from different races who had widely different standards of 
personal cleanliness. Some were accustomed to thorough washing 
with soap whereas others were not. Unfortunately there was no free 
issue of soap for cleansing the skin and clothing. Pyogenic and parasitic 
infections of the skin became common under the circumstances. Labour 
or pioneer companies were amongst the most heavily infected units, 
Washing methods adopted were on the whole primitive and incapable 
of destroying all the micro-organisms in the pus that dried on the clothes 
of infected men. Mobile laundries were few and widely scattered. The 
greatest amount of skin sepsis was on the legs. In many camps, 
depots and even in some of the hospitals water supply was utterly in- 
adequate for the needs. The high temperatures and humidity prevalent 
in most regions of Bengal, Assam and Burma prevented the evaporation 
of sweat from the surface of the body thus rendering the skin sodden 
and causing it to lose some of its self-protective powers. The use of 
trousers instead of shorts which was adopted as a protective measure 
against insect bites and milder forms of injury was a further factor 
in aggravating some of the skin affections, such as prickly heat and fungus 
infections, as by impeding air circulation they tended to keep the skin 
moist or damp and retard the process of recovery. Prickly heat was 
more common amongst the British than the Indian troops but both 
suffered from intertrigo and fungus infection in equal degree. Other 
factors which contributed in no small measure to skin affections were the 
lower standards prevailing about the hygiene of feet and the inadequate 
supply of foot powder which was issued on a basis of four ounces per man 
per month. Many Indian soldiers were supplied with boots which were 
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too large and ill-fitting and a number of recruits who in their civil life 
had been accustomed to going about barefoot developed crippling callo- 
sities. In jungle warfare the boots often became water-logged and the 
skin of the feet was sodden in consequence. The need for some form 
of grease to waterproof the skin was not always realised. 


The most serious lapse was the lack of regular inspections to ensure 
that troops were free from skin infections. Such inspections were rather 
the exception than the rule in some units. Many Indian soldiers had 
to be boarded out of the army for chronic skin diseases and even leprosy, 
and this showed only too clearly that their skins had not been carefully 
examined at their first medical examination. That scabies could be the 
underlying cause for pyogenic infections for which men often sought 
treatment was not sufficiently appreciated by some of the RMOs and 
even when the diagnosis of scabies was made it was unusual for the unit 
to be examined for the discovery of other possible cases. Such lapses 
no doubt caused much preventable suffering and loss of manpower. 


EARLY TREATMENT OF SKIN DISEASES AS A VALUABLE PREVENTIVE MEASURE 


Having considered in general the incidence of skin diseases during 
the last war and the underlying factors, detailed consideration may 
now be made of some of the common skin affections encountered in the 
forward areas. Very brief references are made in some places to 
methods of treatment. The importance of early treatment of skin infec- 
tions including those of fungus origin in the prevention of such diseases 
was fully appreciated, and as early as 1943, a booklet Aids to Treatment 
of Skin Diseases Commonly Occurring in the Eastern Army Area was prepared 
by Major Allan Bigham, RAMC, Dermatological Specialist, and issued 
for the guidance of medical officers. The value of routine inspections 
for the detection of early cases was brought to the notice of all concerned. 
Amongst the BORs the spread of skin diseases was rather rapid, so 
weekly inspections were held in the ALFSEA but it was considered 
that fortnightly inspections were adequate for the IORs as the course 
of skin diseases among them was somewhat chronic. Excessive heat 
and humidity, as already pointed out, were the two formidable impedi- 
ments in the successful treatment of some of the skin diseases. Prickly 
heat often became septic in a short time in forward areas in the absence 
of facilities for washing clothes and bodies, Scabies and fungus diseases, 
particularly tinea, were complicated with sepsis quite early and the 
shortage of modern drugs employed in the treatment of skin diseases 
made the task of controlling them rather difficult. 


SCABIES 


Scabies was the most misdiagnosed disease in the eastern theatre and 
often developed into pyoderma in forward areas. Treatment of the latter 
condition without its underlying cause resulted in frequent relapses 
and prolonged hospitalisation. In fact some of these cases were in the 
hospital for months. Under war condition the chances of its transmission 
were increased and high infestation rates were often noticed whenever 
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the officer commanding the unit and the RMO failed to take energetic 
action on the appearance of the first few cases. 


The Indian soldier was found to be generally immune from lesions 
on the hands probably owing to his clean habits in washing the hands 
after defecation. It was the accepted practice in the army to treat all 
cases of itching at night associated with pustular lesions of the buttocks 
and genitalia with anti-scabetic remedies and subsequent experience 
showed the wisdom of such a procedure. The overcrowding inevitable 
during the war and poor personal hygiene during campaigns were 
important factors in causing the outbreaks of scabies. The silent carriers 
of the disease remained a problem throughout. 


Experimental work carried out by Mellanby (1941 and 1942) 
demonstrated, that the risk of infection from clothing and bedding was 
small, and some authorities entirely gave up the practice of disinfection 
in consequence. At any rate it was no longer customary to disinfect 
blankets. The communal use of shirts and shorts during sport and of 
towels was at times responsible for scabies. 


Sulphur ointment therapy was found to be effective provided the 
technique of application was followed scrupulously by trained orderlies. 
During the earlier years of the war, this was the only remedy available 
but eventually adequate supplies of benzyl benzoate became available 
which made it much easier to treat such cases. Due stress was laid on 
the washing of the patient only before and after the two-day treatment 
with the emulsion. It was observed that painting the skin only where 
the lesions were visible was not sufficient. It was impressed upon all 
concerned that the painting of skin from head to toe with benzyl benzoate 
emulsion without missing any part was essential in order to effect radical 
cure. Recruits suffering from extensive scabies were as a rule not accept- 
ed in the early part of the war, but later on it was decided to admit 
recruits suffering from scabies. This policy caused huge demands to 
be made for the supply of benzyl benzoate. At one stage it was comput- 
ed that the military requirements of this drug for treating scabies 
during one year were 1,700 Ibs. per month and 370 lbs. of lanetto wax 
SX to emulsify it. In 1945, the GHQ also ordered 90,000 tablets of 
tetmos soap (5 per cent. strength) for the treatment of scabies. 


SORES IN TROPICAL COUNTRIES 


In almost every theatre of war in tropical countries erythematous 
sores were a constant source of trouble. They not only were responsible 
for considerable discomfort but also caused serious loss of efficiency, 
particularly amongst the armoured vehicle personnel. They also caused 
a certain amount of sick-wastage. These lesions were described under 
various geographical names which often led to confusion in accurate 
diagnosis; thus the whole of the desert army knew such sores as desert 
sores and the men of the Fourteenth Army or the Burma Army called 
them jungle sores. The aetiological factors common to such conditions 
appeared to be loss of resistance of the skin devitalised by exposure 
to sun, wind and dust. At the sites of minor injury painful ecthymatous 
sores developed. They were common on the exposed parts of the body. 
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Since there was no unanimity of opinion regarding the causation and 
‘identity of such sores they will be considered under their specific no- 
menclature by which they were commonly understood. The jungle 
sores will be dealt with first. 


JUNGLE SORES 


Jungle sores were common during the rains and the period immedia- 
tely following in regions of high temperature and moisture. Large 
outbreaks also occurred in Malaya and the Pacific Islands. Jungle 
sores were so named because of their more frequent occurrence in jungle 
areas rather than in tracts having settled lands. Assam was found to be 
the worst endemic area in India. Jungle sores generally originated 
from a small abrasion or minor injury which escaped attention and 
subsequently became infected. The term ‘ jungle sores ’ was a somewhat 
comprehensive term which included true tropical ulcers, shallow 
ulcers of a similar type and certain other ecthymatous lesions. The 
outstanding feature of all was chronicity and slow response to treatment. 
These sores kept hospital beds occupied for long periods and caused 
serious wastage of manpower, ‘They developed not only under conditions 
of active warfare but also amongst recruits undergoing training in certain 
peace-time stations in India. Their aetiology is obscure. Histological 
sections prepared in the Southern Army showed that fusiform bacilli 
were present in large numbers deep in the ulcer floors; diphtheroid 
bacilli were at times recovered from the smears and mistaken for diph- 
theria bacilli although at one period secondary infection of jungle sores 
with C. diphtheriae was noted in casualties returning from Burma. 
Dietetic deficiency, hookworm infestation and malaria have been suspect- 
ed as being the predisposing factors, but it was observed that jungle 
sores were just as common in soldiers who were perfectly healthy 
and fit. Discussing the treatment of skin infections of Assam-Burma 
jungles Grindlay (1944) was inclined to the view that jungle or tropical 
sores were related to beri-beri as both occurred in the monsoon season, 
signs of beri-beri were common in those who suffered from such ulcers 
and thiamine was helpful in treatment. 


As jungle sores were common and their causation was not under- 
stood and as they were probably confused with other sores, it may be 
desirable to give a brief description of the symptomatology of this 
condition. The immediate cause in nearly all cases was some trauma, 
often trivial, which could not be given prophylactic treatment early. 
The most common site was somewhere below the knee, and during 
the early stages a painful superficial blister containing purulent fluid 
generally made its appearance with hardly any inflammatory reaction 
around it. In a few days it developed into a fulminating necrotic ulcer, 
several inches in diameter and penetrating to the muscles and tendons. 
Its base was then filled with greyish black necrotic tissue, the edges were 
undermined and the whole ulcer emitted a foul smell. During this 
stage severe pain was a marked feature although the signs of reactive 
inflammation were hardly visible. After a short interval inflammatory 
reaction appeared, the ulcer ultimately settling down to the chronic stage. 
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Its Margins were indurated and the necrotic material completely cast 
off with irregular granulation tissue discharging pus freely. The condi- 
tion was difficult to treat and necessitated the confinement of patients 
to bed in the early stages. The ulcers took a long time to heal often 
leaving large scars. When these scars occurred on pressure areas 
the medical category of the affected individual had often to be lowered. 


The most important consideration in the prophylaxis of jungle 
sores was the treatment of all cuts, abrasions, minor injuries and scratches 
etc., at the earliest opportunity. The cleaning of the affected area with 
soap and water followed by the application of an antiseptic lotion such as 
liquor iodis mitis or tincture benzoin compound often sufficed. The 
coagulation of the fibrin on the surface of the wound formed an adequate 
dressing. Long trousers and putties were useful in protecting the legs 
against injuries and consequently preventing the appearance of jungle 
sores. 


DESERT SORES 


Desert sores were common in sandy tracts with hot and dry 
climate. They were found in the Middle East, Egypt, some parts of 
Africa and in the hot and dry regions of Northern India. The ulcers 
were shallow, punched out and extremely chronic. Their shallowness 
was a feature which distinguished them from tropical ulcer or jungle 
sores which tended to invade the tissues deeply. Desert sores occurred 
chiefly on the extremities but hands were the commonest sites affected. 
In certain areas the condition was almost universal, new-comers being 
particularly prone. The aetiological factors are unknown although 
desert conditions, food deficiency, flies and insect bites have all been incri- 
minated. There is, however, no clinical or experimental evidence to 
support such views. In fact if there is any evidence it is against them. 
Tests made on parallel groups of men in the Australian Army in the 
Western Desert with sores and without sores from various units showed 
no correlation between vitamin C deficiency and the incidence of sores. 
Similarly the provision of extra vitamin C in units did not reduce the 
incidence nor did it show any appreciable influence in the rate of healing. 
Analysis of the basic army ration also, as cooked and as served to the 
troops, revealed the presence of basal or minimal requirement of 
vitamin C. 

A close association was observed between the incidence of sores 
and lack of opportunities for washing and bathing, and in fact there was 
definitely a sore season in the Middle East confined to summer months. 
Officers who maintained a higher standard of personal cleanliness 
generally escaped these sores which were frequent in troops undergoing 
strenuous training during the hot weather, particularly, when away 
from camps on extended exercise with no opportunities for bathing, 
The condition was rarely seen in troops permanently stationed in camp 
areas with ample facilities for washing and bathing. In the Western 
Desert, where water was very scarce, the sores were extremely common 
and one of the chief causes of sick-wastage in the Australian forces, 


Louw (1942) had observed that desert sores were rare among 
transport drivers and suggested that their relative absence was due to their 
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skins being kept supple by oil. Devine (1943) did not agree with the 
view ‘and held that among the other troops sweat acted as an irritant 
and thus prevented the healing of such ulcers, whereas transport drivers 
did not usually perform work which led to excessive sweating and further- 
more their skins were kept dry by air movements while driving their 
vehicles. The heaviest incidence of desert sores in T obruk was observed 
amongst the men from field bakeries who worked in conditions of great 
heat and amongst the actual fighting men who sweltered in the front 
line in unsheltered holes. The men in the rear areas who undertook 
heavy physical work suffered equally. The quartermaster’s staff, whose 
conditions of work did not involve hard physical labour, never seemed 
to appear in sick parades with desert sores. 


Henderson (1943) suggested that the chief aetiological factor 
was the action of sunlight aided perhaps by slight trauma to skins which 
reacted badly to sun exposure. Although trauma may have played 
a part in determining the site of some, many lesions occurred on 
areas where there had been no injury and in the 21 out of 30 cases 
investigated by him he found no history of trauma. Sores occurred 
only in areas exposed to sun and mostly in persons whose power of 
adaptation to sunlight was below the average and whose skins reacted 
to exposure with erythema, dryness and scaling. It was noticed at 
times that cases occurred almost in epidemic form at the beginning of 
desert summer, and their incidence appeared to have no correlation to 
the time the individual had spent in the desert. In patients who had 
more than one attack, the sores appeared only during the summer 
months. While the effects of vitamin deficiency could not be discounted 
the absence of any of the features of scurvy seemed to indicate that 
vitamin G deficiency was not the causative factor. Furthermore, 
sores were noticed in persons receiving adequate quantities of fresh food. 
Other observers, however, still felt that the incidence of desert sores may 


have had some significant connection with the absence of fresh fruits 
and vegetables. 


Devine (1943) described three types of sores in the Western Desert. 
The first was the one in which a small blister appeared and broke down 
later on; this type was somewhat rare in Tobruk. The second type 
was the post traumatic ulcer arising from a scratch of abrasion. The 
third was the one which resulted from skin infection, usually a boil which, 
if neglected, showed little tendency to heal. 


The bacterial flora in all these was so varied that no one type 
of organism could be definitely incriminated. Haemolytic streptococci 
were isolated in the Middle East from the great majority of the sores 
and practically from all the sores which came under observation in the 
early stages among the Australian troops. ‘They were often obtained in 
pure cultures but were commonly associated with staphylococci and 
other organisms, Serologically the streptococci were of the type 
commonly met with in surgical streptococcal infections; the same type of 
micro-organisms were found in the throats of nearly 7 per cent. of the 
healthy adults. Examination of smears from chronic sores showed 
the presence of acid fast bacilli microscopically indistinguishable from 
tubercle bacilli, but the identity of the organism could not be established 
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by guinea-pig inoculation. Other organisms such as staphylococcus, 
bacillus pyocyaneus, bacillus proteus and diphtheroids were frequently 
isolated, but they appeared to be of no aetiological significance as their 


presence did not hinder healing provided the streptococcal infection 
could be eliminated. 


In the early stages any kind of simple treatment such as washing 
the traumatic lesions of the skin with weak lysol or tincture iodine, apply- 
Ing a dressing and then keeping them clean was successful in bringing 
about cure, but when neglected they turned into lingering sores which 
necessitated the application of stimulating remedies and rest in bed. 
Some men used germolene and elastoplast for the treatment of abrasions 
or injuries with a certain amount of success. A method reported as 
effective in New Guinea by Major E. Ford of the United States Army 
was the application of cigarette paper soaked in friars’ balsam (tincture 
benzoin compound) and left in situ till it fell off. Some of the hygiene 
officers in the Western Desert thought that if the undue dryness of the 
skin caused by sun, wind and dust could be relieved by the application 
of cold cream the incidence of desert sores would drop but the battle of 
El Alamein led to such a fast advance that the cold cream never reached 
the units where it was needed most. In the prophylaxis of desert sores 
the use of vanishing cream containing a small amount of antiseptic was 
also recommended. The wearing of trousers and long sleeve shirts as 
a protection against sunlight and minor injuries was also advocated. 
Another measure of importance in prophylaxis was the encouragement 
of personal hygiene such as bathing at the end of the day’s work. 
Frequent washing of clothes and washing or sterilisation of blankets, 
as and when practicable, was urged. Contrary to belief, it was observed 
that streptococci persisted for long periods in discharges on clothings 
and blankets. 


MYCOTIC INFECTION 


Ringworm was the commonest group of the disorders of the skin 
caused by pathogenic fungi. As the differentiation of individual species 
and their nomenclature is rather confused no attempt has been made 
to give varieties of fungus responsible for the various kinds of ringworm. 
The fact that many fungi vegetate harmlessly on the healthy human 
skin adds to the difficulties of adopting any definite method of classifica- 
tion. As the prophylaxis of ringworm infections is bound up with 
early treatment a knowledge of such treatment as can be applied in the 
units without the necessity of hospitalisation was of great importance 
to the RMO. Ringworm infections were extremely common in hot 
and damp areas. ‘Their importance lay in the fact that mild cases 
could easily become severe. Friction and sweating quickly made 
previously trivial lesions so troublesome that the sufferers were render- 
ed unfit for duty. The imposition of secondary infection further aggra- 
vated the disability. The fungi pathogenic to men generally prefer 
those areas of the skin which are moist and less acid than, the normal 
skin, ‘The commonest sites, therefore, affected were the groins, perineal 
regions and the interspaces between the toes, particularly the fourth 
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one. These areas are also subject to intertrigo. In the monsoons the 
skin was often bathed in sweat resulting frequently in the rapid spread 
of ringworm to extensive areas in the body, particularly, those around 
the waist where the belt pressed against the skin. Mycotic infections 
of the interspaces between toes were more common amongst the British 
troops than amongst the Indian troops because the latter were often 
accustomed to walking barefoot, had toes more widely separated and 
their skins were tougher and less often sweat-sodden. Adjacent areas 
of the moist skin which were in constant apposition and rubbed 
against each other often developed intertrigo with the consequent loss 
of the horny layer, and the coating of surface with a thin fluid exudate, 
These intertriginous surfaces favoured the proliferation of bacteria and 
fungi which sometimes provoked eczematous reaction. The condition 
was often mistaken for tinea crusis or pedis for the treatment of which 
fungicides were applied. This resulted in chemical dermatitis necessi- 
tating prolonged hospitalisation, and a number of British troops were 
rendered permanently unfit for service in the tropics. 


TINEA CAPITIS 


Ringworm of the scalp (tinea capitis) did not offer any serious 
problem as the experience was that the hair of the Indian soldier enjoyed 
a considerable degree of immunity from such infection. It did, however, 
occur in a smail percentage of Indian troops. In September 1944, 
a serious epidemic involving the scalp was discovered among the 
Gurkhas. Nearly all the Gurkha depots and training battalions were 
found to be affected. Although the condition had been present for the 
previous six months its existence was either not detected or not reported. 
In some units at least 10 per cent. of the strength was affected. This 
outbreak caused much disquiet and seemed to be largely due to the prone- 
ness of Gurkhas to such infection, The ringworm was of fairly severe 
type and frequently associated with kerion formation. In July 1945, 
some 2,000 Gurkhas were still suffering from tinea capitis. As soon 
as the widespread nature of the infection was realised all movements 
of men from the affected units were stopped although it meant the stopp- 
age of all reinforcement to Gurkha battalions for sometime. The 
examination of infected hair sent to the School of Tropical Medicine at 
Calcutta showed that the infecting fungus was Trichophyton gypseum 
(Ghosh, Dey and Panja, 1947). Instructions were issued that the 
heads of the Gurkhas were not to be shaved in order to obviate the risk 
of spreading the infection, Wood’s diagnostic glass lamps were 
installed in all depots and neighbouring hospitals and a superficial 
X-ray therapy machine obtained for the epilation from infected scalps. 
All hair cutting was strictly supervised regimentally. The use of scissors 
im preference to hair clippers was encouraged as the latter always 
carried bits of hair unless taken to pieces for cleaning and disinfection. 
All hair cutting implements were thoroughly sterilised before use. 
Headgear and blankets of infected individuals were disinfected and rou- 
tine scrutiny of all scalps was regularly maintained. All these various 
measures brought the situation ultimately under control. 
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TINEA CORPORIS 


Tinea corporis or tinea circinata was by far the most common 
affection of the skin in the SEAC, tinea cruris and tinea pedis being 
comparatively less common. ‘Tinea circinata was a frequent and dis- 
comforting complication of prickly heat, particularly at the level of 
the waist. On the whole tinea corporis responded well to treatment 
except when it became secondarily invaded by pyogenic organisms. 
This occurred mainly on the hairy parts of the body, face, scalp and 
groin. A considerable number of the severe cases had to be evacuated 
from Labuan, Java and Sumatra. Most of the cases cleared up in six 
weeks, but a small number of the British troops had to be evacuated to 
the United Kingdom. None of these cases were seen in the Indian 
troops. The scale of clothing particularly for the BORs, doing heavy 
manual work, was inadequate. So the men were allowed to work with 
their shirts off, as it was the experience of some medical officers that 
tinea infection was less common in exposed and tanned parts of the body. 
In the prevention of mycotic infection it was soon realised that very little 
could be achieved unless all the ranks were educated about the causation 
and the mode of spread of such infections. The importance of clean 
clothing and clean body was impressed upon all concerned. It was 
often found a useful practice for the infected individuals to put on 
cotton underclothing which could be boiled. 


TINEA CRURIS 


Tinea cruris was a common infection caught by direct contact 
or infected clothes. The common site affected was the groin. 
The condition often spread to the scrotum. ‘The axilla was also 
sometimes involved. Relapses frequently occurred during the rainy 
season. Cotton clothing which could be boiled were useful in preventing 
further spread. In the inflammed stage the treatment was carried out 
by the application of a lotion such as eusol or potassium permanganate l 
in 5,000. Later when the inflammation subsided Whitfield’s ointment 
was applied twice daily. If the latter was badly tolerated, the affected 
areas were painted once daily with fuchsin paint. 


TINEA INTERDIGITALIS 


Ringworm of the feet (tinea interdigitalis), frequently known 
as Singapore foot, Hongkong foot and Bengal rot, was very common 
in hot and humid areas, the conditions favouring infection being heat 
and alkaline decomposition of accumulated sweat. Infection was 
transferred from one person to another chiefly by bath-mats and changing 
room floors. Wooden bath-mats were found to be particularly dangerous 
as they provided conditions suitable for the growth of the fungi. Three 
clinical forms were noticed. The first was the intertriginous type found 
commonly in the interdigital space between the toes and underneath 
them. In this condition the skin of the affected parts became sodden 
and opaque white and generally peeled off leaving red painful sores. 
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The second was the vesicular type in which a crop of deeply set small 
vesicles intensely itchy in nature were noticed in the hollow of soles. The 
third type was the hyperkeratotic type appearing in more chronic infec- 
tions in the soles. 


The best way found for avoiding infection of feet was to clean 
them and dry them daily, paying particular attention to interdigital 
spaces. At the same time shoes and socks, when not in use, were 
thoroughly aired. Boots and footwear of the sufferers were freed from 
infection by exposing them to formalin vapour overnight and then 
airing them well before wearing. When infection was present in a unit, 
footbaths containing bleaching powder $~1 drachm in a gallon of 
water were recommended in all bathrooms in which feet were to be 
dipped on entering and leaving the room. Weidman, Emmons, 
Hopkins and Lewis (1945), however, observed that the use of fungicidal 
baths was of no practical value as a prophylactic measure and found 
that a dusting powder containing 1 per cent. of sodium propionate in 
talc was often useful. It was generally found desirable to avoid 
duckboards, bath-mats, etc., but if they were to be used at all two sets 
were found preferable as such a practice permitted the one to be dried in 
the sun while the other was in use. At the same time the necessity of 
washing the bathrooms daily was duly recognised. 


The regular use of some simple dusting or fungicidal powder 
sprinkled morning and evening lightly on toes and between clefts was 
recommended. Some of the powders consisted of equal parts of camphor, 
precipitated sulphur, zinc oxide and boric acid mixed with equal parts 
each of starch and kaolin, whereas others contained 10 parts of boric acid 
in powdered talc. Later on arrangements were made for the supply in 
Burma of 8 ozs. of foot-powder per man consisting of 10 per cent. boric 
acid, 10 per cent. zinc sulphate and 80 per cent. diatomite. As this 
was practically the first time that zinc sulphate was to be tried in such 
a aid high proportion the hygiene officers were instructed to watch 
its eliects. 


Nickerson, Irving and Mehmert (1945) considered that adequate 
aeration of the feet such as obtained by wearing sandals instead of the 
boots was essential for foot hygiene and that cutaneous lesions of the 
feet including fungus infection could be eliminated by the use of sandals, 
Studying a group of men having skin infections of the feet they observed 
that lesions of those who wore sandals had greatly improved while those 
of the control group who wore boots had been aggravated by the heat 
and humidity ofthe summer. Only 3°5 per cent. of those wearing sandals 
had serious skin affections left at the end of the two months’ period of 
observation as against 28 per cent. in the control groups. In many 
instances the serious condition of the feet improved while sandals were 
worn, but relapsed when sandals were withdrawn and shoes reissued. 
It is noteworthy that only one case of injury was noted which could not 
have happened had the wearer not been using sandals. Other observers 
have criticised these findings on the ground that all cases investigated 
were not proved to be cases of fungus infection of the feet and that the 
sodden types of foot-soreness observed were, in the opinion of experienced 
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medical officers, examples of maceration of the feet due to staphylococcal 
rather than fungus infection. This type of disability was often seen in 
Assam and Burma during warfare under monsoon conditions. There is 
no doubt, however, that sandals are the best form of footwear in hot 
weather as they provide the maximum ventilation for the skin, prevent 
the maceration of integument by friction and perspiration. Unfortuna- 
tely, except for relatively static troops their use has practical disadvantages 
which made a leather boot or shoe preferable. In the SEAC, it was 
found useful to discard boots at the earliest sign of infection. Men 
were also encouraged to wear cotton socks which could be easily cleansed 
and which promoted much less sweating than woollen ones. 


PRICKLY HEAT 


Although regarded as a trivial ailment, prickly heat was at times 
responsible for much inefficiency among the troops because of its great 
liability to pyogenic infection and interference with sleep and consequent 
asthenia. In the absence of adequate washing facilities prickly heat often 
turned septic. During peace-time, when troops were quartered in shady 
barracks, it was impossible to form an idea of the disability which this 
condition could cause in the battlefields of Burma. Although the British 
troops suffered more from prickly heat yet the Indian and at times even the 
African troops in the field were seriously affected. A number of British 
troops could never acclimatise to tropical conditions.. Anything which 
led to excessive sweating was found to aggravate the condition such as 
excessive use of hot tea, exposure to sun and heavy clothing. Blomfield 
(1943) came across severe forms of prickly heat affecting the fighting 
strength of army units in Assab in Eritrea, particularly during the months 
of July and August. He divided the disease into five types: (i) miliaria, 
the common form, (ii) multiple boils, (iii) impetiginous rash, (iv) 
pemphigous form in the axillae and groins; and (v) pustular form with 
fungus infection. The diet of men was at that time deficient in vitamins 
and cases of avitaminosis were occurring. He thought that the condition 
was due to the dysfunction of sweatglands arising from over-activity 
and their swelling due to the blockage of ducts followed by congestion 
and rupture of the gland capillaries. 


The wearing of light and loose clothing, regular exercise to keep 
fit and the habit of daily bath were found to be the best prophylactic 
against prickly heat. The policy of allowing the troops to wear as little 
clothing as possible in the SEAC so that they acquired adequate sun- 
tanning was an equally effective method. Sunbathing parades whereby 
sun-tan was acquired slowly were encouraged particularly amongst the 
British troops but this required careful supervision as It was observed that 
severe sunburn was often produced by unregulated exposure to sun and. 
was not an unimportant cause of sick-wastage in the North-African 
campaign. o 

The itching of prickly heat was often relieved by application of 
calamine lotion having 8 minims of carbolic acid to the ounce. | Dusting 
powders such as equal parts of camphor, precipitated sulphur, zinc oxide 
“and boric acid mixed with four parts of starch and two parts of kaolin 
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were found useful in allaying itching. Kessler (1943) had used the 
following powder for many years in the treatment of prickly heat and 
found it effective. 


Menthol js 0-5 g. 
Bismuth subgall ss 5"0g. 
Zinc oxide pulv ya .. 20:0g. 
Acid boric pulv “a .. 10-0g. 
Talc venet pulv a .. 100-0 g. 


Adequate fresh fruits in diet and the restriction of fluid intake to 
actual replacement needs were other useful measures. A lotion, consist- 
ing of zinc oxide 30 g., menthol 2 g., alcohol 160 g., and water 40 g., 
was used by the Italians and found useful in allaying irritation, 
(Blomfield, 1943). 


SKIN DISEASES OF MINOR IMPORTANCE 


Besides the skin diseases dealt with other skin affections occurred 
which were of minor importance because the troops were either not plac- 
ed in areas where such diseases generally prevailed or only a small 
section of troops was exposed to conditions favourable for acquiring 
such diseases. The incidence of dermal leishmaniasis was not high 
as most of the troops were not stationed in areas where this condition 
was endemic. The majority of cases of cutaneous leishmaniasis were 
recorded in such areas as the north-western parts of India, Iran and Iraq. 
Diphtheric infection of chronic sores occurred both on the Burma front 
and the Western Desert but the number of cases was never large. A 
few cases of primary skin diphtheria were noticed in the Middle East. 


Owing to the increasing mechanisation of the army, a relatively 
greater number of men came into contact with oils and greases which 
produced pathological changes in the skin. Mineral oils were the chief 
offenders in this respect; the cruder and more impure they were, the 
worse were their toxic effects. Petroleum distillates and residues 
produced the same action as coal-tar derivatives. The oils and greases 
in use could be classed under three groups, viz., (i) light distillates such 
as petrol, benzene and naphtha, (ii) heavy distillates such as kerosene oil, 
burning oils, fuel oils, diesel oils and tar distillates, and (iii) intermediate 
or reduced oils such as heavier fuel oils, lubricating oils, vaselines, waxes, 
greases and residues like pitch, coke and asphalt. The men affected 
were mostly those working in anti-malaria units and in the workshops 
of electrical and mechanical engineering units such as mechanics and 
machine tool operatives. The petroleum products from the Caucasus, 
Russia, Assam and Burma proved more toxic than the American varieties. 
The British soldier was particularly prone to attack and the African 
troops were relatively immune. Indian troops occupied an inter- 
mediate grade of susceptibility. The reduction to minimum of the period 
of exposure to the toxic action of oils and greases was a factor of prime 
importance in the prophylaxis of oil dermatitis. Thorough cleaning 
and washing of the body and complete change of clothing and undercloth- 
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ing after work were found equally necessary. As dust, oil and dirt are 
apt to lodge in the pores and folds of skin, it was considered advisable to 
smear exposed surfaces with some bland emollient such as castor oil or 
lanolin before commencing work. As a preventive against folliculitis 
Dakin’s solution was used with success. It was generally swabbed on con- 
taminated skin surface. This procedure also helped in the removal of oil. 


Under the heading jeep bottom, Raine (1945) described a folliculitis 
of the bottoms in the Solomons, affecting those individuals who spent most 
of their time sitting in jeeps. This condition was rarely met with in the 


fighting soldier. The eruption responded satisfactorily to applications 
of acriflavine and spirits. 


TROPICAL LICHENOID DERMATITIS 


In 1944, the Fourteenth Army was put on suppressive mepacrine. 
Eventually a puzzling dermatosis representing mepacrine reaction 
and called as tropical lichenoid dermatitis by some was observed in some 
of the troops. It appeared as a scaling of the scalp and large areas of the 
body. Gradually large lichen planus, like lesions, appeared. They 
differed from lichen planus in having a deep purple areola and the lesions 
were more pronouncedly warty. These cases, although in hospital 
and still on suppressive mepacrine, were labelled as resistant seborrhocic 
dermatitis or chronic exfoliative dermatitis until the true nature became 
known. A large number of cases were discovered in India when the 
condition started to be recognised by dermatologists. Most cases 
improved after stopping mepacrine without any other treatment. 
Irritation was present in only a few cases and local treatment was not 
found to be of much benefit. Affected individuals, had to be with- 
drawn from mepacrine suppressive areas and the mepacrine reaction 
was kept a close secret as it affected only a small proportion of the troops. 
A great deal of unrest might have ensued if the troops came to know 
that the cause of the trouble was the daily administration of mepacrine 
without realising that malaria would have otherwise rendered the whole 
force useless as a fighting machine. Both the Indian and British troops 
suffered from this dermatosis although 1t was more common among 
the latter. Some considered that the officer class had a marked pre- 
dominance amongst the sufferers. It is almost certain that lichenoid 
dermatitis with pronounced warty characteristic was not the only 
manifestation of mepacrine intolerance seen in the skin. Cases of 
generalised exfoliative dermatitis were observed which cleared up 
quickly after the cessation of mepacrine administration. Some of the 
cases had also started as typical seborrhoeic dermatitis or as sun-burn 
which later became eczematised. The true nature of the condition 
only became obvious weeks later when lichenoid lesions made their 
appearance. 
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CHAPTER XXXII 


Small pox 
INCIDENCE IN THE INDIA COMMAND 


When World War II broke out, over 99°5 per cent. of the troops 
of the Army in India were protected against smallpox. Only a few 
cases of smallpox occurred amongst the military personnel, although 
epidemics prevailed among the civilian populations surrounding the 


military stations. ‘This satisfactory state of affairs continued up to the 
end of the year 1944. 


The ever-growing strength of the armed forces during the war 
brought into the army large numbers of recruits from villages, some of 
whom were probably never vaccinated. Although vaccination was 
compulsory at the time of enlistment, yet all soldiers were not successfully 
protected owing either to the lack of potency of the vaccine lymph used 
or the insufficient methods of vaccination practised. Many medical 
officers in the army, particularly those arriving in India from the United 
Kingdom in the early part of the war, were not familiar with the correct 
technique of vaccination and the standards used for interpreting results. 
The War Office, London, had to draw the special attention of medical 
officers to the importance of vaccination. Complaints were received in 
India from overseas that vaccinations among the Indian troops were 
negligently performed as evidenced by the occurrence of smallpox among 
soldiers recently arriving from India, These complaints appeared to 
be justified as several cases of smallpox had also occurred among the 
soldiers in India who were not fully protected by vaccination. In August 
1942, the DMS in India had to draw the attention of medical officers 
to such complaints and to the necessity for strict compliance of the 
Regulations for the Medical Services of the Army in India in respect of vaccina- 
tion. As defined in these regulations sufficient protection for troops 
about to proceed ex-India meant that they should have been successfully 
vaccinated not less than 12 days and not more than three years prior 
to the date of arriving at the port of disembarkation or should have shown 
evidence of immunity. For the troops in India successful vaccination 
within the last five years or evidence of immunity by three unsuccessful 
vaccinations carried out at intervals of one month within the last five 
years was considered adequate. The constant movement of troops, 
however, made it practically impossible to exercise any effective check 
over the state of vaccination and the various factors mentioned were 
responsible for an increase in the incidence of smailpox noticed subse- 
quently among the troops, both Indian and British. The admission 
rates per 1,000 for the Indian and British troops during the war years 
are given in Table I. 


Considering that smallpox can be effectively controlled by vaccina- 
tion the rates given in Table I represent a high incidence. Nearly all 
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TABLE I 


Incidence (rate per 1,000) of smallpox—VCOs € JORs and BORs—India 
Command—1939 to 1946. 
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] 
Year VCOs € BORs 
IORs 

1939 Ml | Oe 0-1 
1940 A 0-1 6-4 
1941 0-1 0-2 
1942 0-3 0-9 
1943 0-5 0-8 
1944 0-9 12 
1945 0:5 0:6 
1946 0-9 0-7 


the cases occurred amongst individuals who were either not protected by 
vaccination or were only partially protected owing to lapse of time since 
their last successful vaccination. As far as could be ascertained, in the 
state of incomplete documentation consequent upon active service condi- 
tions, no case occurred in an individual who was fully protected according 
to army standards. It must, however, be added that it cannot be stated 
that vaccination affords absolute protection, for cases have been observed 
in the vaccinated. Leishman (1944) reported an epidemic of smallpox 
amongst British troops between November 1942 and April 1943 in the 
neighbourhood ofan IBGH. During this epidemic, of the 68 cases admit- 
ted, 22 were classified as ‘major’ and the remaining ‘ minor’ smallpox 
modified by vaccination. Of the 22 major cases, eleven were never vacci- 
nated, nine were vaccinated in infancy and one each was vaccinated 
within five and two years. Ten patients died, including eight who were 
never vaccinated and two were from those vaccinated during infancy. 


In the early part of 1945, the occurrence of smallpox cases in Deolali 
area caused some concern. On 9 February 1945, a British soldier from 
the Royal Artillery Depot was admitted to the hospital with a haemorrha- 
gic rash and severe toxaemia. He died on the following day. It was 
thought at the time that he was suffering from acute meningococcal septi- 
caemia, although it seems possible that this was in reality the first case of 
smallpox. Nine days later, cases began to be admitted to the hospital from 
this depot and between 13 and 17 February 1945, ten cases, including 
one case of an officer from the Homeward Bound Transit Camp(HBTC), 
were reported. All the personnel of the Royal Artillery Depot were treated 
as contacts. The officer patient from the HBTC was a reception officer 
and had been in contact with the majority of the occupants in the camp. 
Twenty men from the Royal Artillery Depot had also been transferred 
to the camp at that time. The adoption of similar precautions at this 
place, as in Royal Artillery Depot, therefore, was considered necessary. 
Investigation showed that three children of a sweeper employed in the 
HBTC were suffering from severe attacks of smallpox. All the personnel 
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of the Royal Artillery Depot and HBTC were revaccinated and confined 
tocamp. Only those showing positive evidence of successful vaccination 
were allowed to embark on troopship bound for the United Kingdom. 


Vaccination history of these ten cases was as follows:— 
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Gase Date of onset | Vaccination state| Successful or | State of 
number (1945) unsuccessful | disease 
l, 13 February | Childhood Successful | Mild 
16 December 1944) Unsuccessful 
2. 13 February Childhood Successful Mild 
16 June 1944 Unsuccessful 
3, 13 February Childhood Successful Moderate 
2 September 1916} Unsuccessful 
June 1944 Unsuccessful 
4. 14 February Childhood Unvaccinated | Very severe 
May 1943 Unsuccessful | (Confluent) 
5. 14 February | February 1940 Successful | Moderately 
severe 
6. 14 February Childhood Successful | Very mild 
| January 1942 Successful | 
rg i 14 February Childhood Successful , Mild 
March 1944 Successful | 
8. 17 February Childhood Successful | Mild 
September 1940 | Successful | 
December 1944 Refused | 
9. - | 17 February | Childhood | Successful | Very mild 
May 1944 | Successful 
10. 17 February Childhood Unvaccinated | Very mild 
1942 Successful 
| 


| 
| _— 

. These facts confirm once again the theory regarding the life long 
protection against severe smallpox conferred by successful vaccination in 
infancy as evidenced by three or four good scars. At the same time, 
it is obvious that documentary evidence of protection cannot be taken 
as a reliable guide owing either to the faulty reading or recording of 
results. Besides this, it is doubtful if certain results regarded as positive 
(e.g., the immediate reaction) could actually be construed as evidence 
of immunity. Marsden (1944) held the view that the so-called immune 
reaction was a reaction of sensitivity which should on no account be 
treated as a successful result as its appearance did not necessarily indi- 
cate immunity though it often occurred in immune subjects. He consi- 
dered that the criterion of successful vaccination was vesicle formation, 
and anything less than that was to be regarded with suspicion. Success- 
ful vaccination does confer protection against smallpox which in most 
cases is absolute for years although wide variations between individuals 
are often observed. He was further of the opinion that the so-called 
immune reaction or reaction of immunity was a misnomer and a snare 
and was a term the general use of which should not have been officially 
encouraged. 
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A’ review of the cases which occurred in the Eastern Command 
during 1944 is of some interest in this connection. The vaccination 
state of 210 cases of smallpox occurring amongst the Indian and 52 cases 
amongst the British troops was as follows:— 

Indian troops British troops 


Number of cases occurring within two 
years of last vaccination, i.e., with- 


in the protecting period E 155 40 
Number of Cases occurring more than 

two years after the last vaccination 6 . 10 
Number of cases in which no record of 

the vaccination state was available 49 2 


These figures show that 74 per cent. of the Indian troops cases and 77 
per cent. of the British troops cases occurred within two years of the last 
vaccination. The percentage is high indeed. The reasons for the appa- 
rent failure of vaccination to protect against smallpox attacks may be 
sought among the following: (i) inaccurate entries of the results of 
vaccination in documents; (ii) faulty vaccination technique or faulty 
interpretation of results; (iii) impotent lymph; (iv) unusually virulent 
virus; (v) use in India as well as in the United Kingdom of lymph which 
while potent as a protective against a local strain of the virus may have 
been impotent or at least partially potent against foreign strains; and 
(vi) rapid waning of immunity. In fact some authorities recommended 
that vaccination should in all cases be carried out with the lymph pre- 
pared in the country where residing, i.e., with the lymph potent against 
the local strain of virus. Instructions were issued in June 1944 in the 
Eastern Command laying down precautions to be observed to ensure 
potency of the lymph. According to these, all lymph was to be kept 
during all the stages of transit and storage in ice in thermos flasks. It 
was to be removed from ice only immediately when required for use and 
unused portions were to be discarded. No lymph which was more than 
seven days old was to be used. As soon as these instructions were im- 
plemented, there was a dramatic stoppage of the occurrence of disease 
in cases in which vaccination had previously failed to protect against 
smallpox. No cases were reported in the command up to the end of the 
year amongst those vaccinated after 1 July 1944, and cases were report- 
ed only amongst those vaccinated prior to that date. These facts are 
significant and show that the use of impotent lymph was probably the 
greatest cause of the failure to protect. 


In 1946, a very large proportion of the smallpox cases in the 
Southern Command occurred in and around Poona where there was a 
smallpox epidemic amongst the civilian population. In March 1946, 
the War Office, London, represented that three smallpox infected ships 
had arrived at the United Kingdom ports from India since 24 February 
1946 and requested urgent action to prevent similar occurrences. The 
War Office pointed out that outbreaks of smallpox had occurred and 
were occurring in England and that some of these had been definitely 
traced to infected ships arriving from India. The GHO West Africa 


also reported cases of smallpox on HMT’s Monoway and Worcestershire 


en route to West Africa from India and requested preventive action. 
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Steps were atonce taken for ensuring the correct technique of vaccination 
the use of potent lymph, correct reading of the results of vaccination and 
proper documentation. At the same time no person was allowed to 
embark, who could not produce a certificate of having been successfully 
vaccinated more than 14 days and less than two years prior to the date 
of disembarkation or that the person concerned was not susceptible to 
vaccination as a result of vaccination performed on two occasions at 
intervals of seven days. Persons, who could not produce such certi- 
ficates, were in fact not allowed to embark but were detained until 
either successfully vaccinated or proved unsusceptible. Conscientious 
objectors were put into strict quarantine for 16 days before embarkation. 


These measures proved effective, and no further complaints were recei- 
ved from any quarter. 


INCIDENCE IN THE FOURTEENTH ARMY 


In forward areas on the eastern front, the incidence of smallpox 
was generally lower than in the India Command owing to fewer oppor- 
tunities for coming in contact with infected localities and the more 
satisfactory state of vaccination of the troops. At times, small outbreaks, 
however, occurred. During first five months of 1945, the Fourteenth 
Army recorded 198 cases with 13 deaths. Many cases were of a virulcnt 
type and confluent haemorrhagic cases were not infrequently seen. It 
was reported that treatment of smallpox cases with penicillin and sulpha- 
thiazol gave satisfactory results. No control observations could be made 
under campaigning conditions and the results cannot be regarded as 
conclusive, yet it was the opinion of some medical officers that the lives of 
several desperately ill and apparently moribund cases were eventually 
saved in this manner. 


The distribution of smallpox cases occurring in the Fourteenth 
Army was as follows:— 


TABLE I] 
Number of smallpox cases in the Burma Campaign— January 1945 to May 1945. 

















Formations Officers Indian BORs 
troops 

IV Indian Corps 2 38 8 
XXXIII Indian 

Corps 6 72 26 
Army troops 1 32 6 
5th Indian Divi- 

sion .. $. E l 
19th Indian Divi- 

sion .. m pe 1 ES 

Total .. 9 144 | 40 
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Smallpox cases began to appear towards the end of January 1945, rapidly 
reaching epidemic proportions. ‘Twenty-eight cases were notified during 
the week ending 31 March 1945, from which date the incidence fell 
gradually to the end of the period of the campaign. Of the 13 deaths 
reported, four were among the Indian, six among the British and three 
among the African troops. The British and African troops showed higher 
death rates. One formation (7th Indian Division) accounted for 45 cases 
or nearly one-fourth of the total. Smallpox was endemic among the 
civilian population in the areas in which operations were taking place. 


Extensive vaccination of the civilian population was undertaken, 
and IV and XXXIII Indian Corps areas were supplied weekly with 
5,000 and 10,000 doses of vaccine, respectively. At one time 26,000 
civilians were being vaccinated each week in the Mandalay-Shwebo area. 
Considerable numbers of reinforcements continued to arrive in operational 
areas in unprotected state from India as well as from the United 
Kingdom and this was particularly noticeable in the case of 1/11 Sikh 
Regiment arriving at the 7th Indian Division from Nowshera and 
Chindwara. Signal Corps reinforcements from the United Kingdom 
were also found unprotected, resulting in one fatal case. Two checks, 
carried out at that time at reinforcement camps, showed 20 unprotected 
persons out of 239 and 19 unprotected out of 169, Several cases occurred 
in isolated units as evidenced by the number of cases notified among 
army and corps troops. Considering the number of troops involved, the 
number of smallpox cases was not high. The relatively small number 
is proof of the effectiveness of protection by vaccination in view of the 
high epidemicity among the Burmese civilians. The responsibility of 
every officer commanding to ensure 100 per cent. protection of the 
personnel of his unit under such conditions was self-evident. 


INCIDENCE IN BRITISH FORCES IN IRAQ 


In November 1942, an epidemic of smallpox occurred in the British 
forces in Iraq. It began on 6 November 1942, and originated from a 
case which had been transferred from a hospital in Khanagin to a 
hospital in Baghdad incorrectly diagnosed as measles. Investigation into 
cases, control of contacts and isolation were done in a perfunctory manner 
with the result that by the end of November 1942, 62 cases of smallpox 
were notified and it was not until the middle of December, by which 
time 80 cases had been reported, that the disease could be brought under 
control, On checking AB-64, it was found that the number of troops 
which could be regarded as adequately protected was small. Although 
there were entries in respect of the dates of vaccination yet in nearly 
80 per cent. of the cases the results of vaccination were not recorded. 
` Most of the troops had arrived in Persia and Iraq Force with such defec- 

tive documentation from the United Kingdom, India and the Middle 

East. Energetic measures were taken to bring the vaccination state to 
the standard laid down in the Regulations for the Medical Services of the 
Army in India and many thousands of revaccinations had to be performed. 
Although in January 1943 there were no fresh cases of smallpox, yet a 
few sporadic cases continued to be reported tili March, 
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During 1943 and 1944, there was a lar i i 
¡E 4t, ge epidemic of smallpox 
among the civilian population in Egypt, and this resulted in idae 


incidence of the disease among the Allied troops stationed there. The 
monthly incidence was as follows:— 


Tate Til 


Incidence (actual number) of smallpox— Allied troops—Middle East—May 
1943 to April 1944. 


TES 





Month | Number of cases 

May 1943 m | 10 
June 1943 hs pa 10 
July 1943 si ia 3 
August 1943 .. Sü 2 
September 1943 P Z 
October 1943 .. mm 1 
November 1943 Ex 2 
December 1943 es 7 
January 1944 .. já 13 
February 1944 .. in 18 
March 1944 i di 57 
April 1944 aug g3 19 

Total .. 144 


A remarkable feature of the epidemic was that of the civilian cases 
observed in the area less than 0:1 per cent. were haemorrhagic and conse- 
quently the mortality amongst them was comparatively lower than in 
military cases, although the total incidence among the civilians was much 
higher, as expected, owing to the poor state of vaccination. When the 
epidemic started the Egyptian health authorities advised a three scratch 
technique of vaccination for the civilian population, whereas the military 
personnel were all vaccinated by the simple scratch technique. It, 
therefore, appears that the significant lessening of the severity of smallpox 
amongst the Egyptians who were generally poorly protected might have 
been due to the better protection afforded by the three scratch technique 
of vaccination and that the protection afforded by vaccination might be 
proportional to the area of skin inoculated. 


SMALLPOX AND VACCENATION 


While it is generally accepted that vaccination affords protection 
against smallpox, the immunity induced is by no means absolute. In the 
vaccinated, however, the mortality recorded from smallpox during the 
war years, as in the past, was generally much less than in the unvaccinat- 
ed, and all degrees of modification of the typical picture were met with. 
In the smallpox outbreak among African troops in Burma, Black (1945) 
noted that of the six men who had no signs or records of vaccination 
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and out of 20 patients with a history of vaccination but 
o scars seven died, while all the remaining 40 who had good 
vaccination scars recovered. Furthermore, there was a preponderance 
of mild attacks in the latter group. The cases reported by Leishman 
(1944) have already been mentioned. Out of the eleven unvaccinated 
patients eight died as against two deaths among the vaccinated, 1lling- 
worth and Oliver (1944) made a study of 100 cases in a smallpox epi- 
demic in the Middle East during 1943 and 1944. Ninety-five cases 
were from the military personnel between the ages of 20 and 40 years 
and the rest from the civilian population. All these cases, with the 
exception of four had been previously vaccinated. Out of the 96 patients 
the number of those vaccinated successfully within the last two years 
was 70, whereas 16 patients had their vaccinations performed only within 
two to eight weeks of their attack. Further, three cases of the last 
group were vaccinated in the hospital and the so-called immune reaction 
was observed after 48 hours but one of these still developed haemorrhagic 
smallpox later on and died. They also noted that among the 22 
haemorrhagic cases a history of vaccination performed (and in some 
cases more than once) within two years was available. A considera- 
tion of the vaccination histories of the 14 fatal cases showed that some 
of them had been vaccinated more than once, there being only one case 
which had never been vaccinated; there were, however, two cases which 
had been vaccinated only between two to eight weeks prior to their 
illness. One of these was successfully and the other unsuccessfully vacci- 
nated. Eight cases out of those, which proved fatal, had been suc- 
cessfully vaccinated within two years and the rest within five years. 
Scars of vaccination were also visible in eight fatal cases. ‘Turning to 
the four unvaccinated cases, they found that three survived though two 
of them had very severe non-haemorrhagic attack, the one who died 
had a severe attack with confluent rash. 


These facts led them to think that even very recent vaccination 
was no guarantee against severe attack, and they quoted the case of a 
patient vaccinated by one of them who showed a typical immune re- 
action after 48 hours but died two months later with gross haemorrhagic 
lesions. They, however, noted that 14 cases out of the 16 vaccinated 
within the previous two months suffered from the modified variety of 
smallpox. They further thought that successful vaccination within two 
years was of still less value as a prognostic criterion because they found 
that 33 of the unmodified and haemorrhagic cases showed records of such 
successful vaccination. 


. It is obvious that Illingworth and Oliver (1944) regarded the 
immune reaction as evidence of successful vaccination. Marsden (1944) 
emphasised that the vaccination scar was a more dependable proof of 
successful vaccination. The recent observations of Coleman (1944), 
Stevenson (1945) and Broom (1947) on revaccination have also shown 
the error of relying on ‘no take’ or ‘an immune’ reaction as evidence 
of immunity. 

_ _ The occurrence of smallpox in successfully vaccinated persons as 
indicated above may be determined by a poor immunity response to 
vaccination on the part of the host, by the rapid waning of immunity 
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or by infection with an unusually virulent strain (Stallybrass, 1947). 
The possibility cannot be excluded that strains of variola virus exist 
which are immunologically different from current strains of vaccinia 
so that vaccination fails to give protection against them. There is, 
however, no satisfactory evidence in support of it. On the other hand, 


there is much evidence indicating the close immunological relationship 


between variola, vaccinia and alastrim and between strains of vaccinia 
from different sources (Horgan and Haseeb, 1939 and 1945). In view of 
the reported occurrence of severe smallpox in the vaccinated troops in 
the Middle East, it was suggested that the vaccinia strains used to vacci- 
nate men in England were less effective in producing immunity to small- 
pox strains used on the indigenous population in that region. A compari- 


son of the vaccinia lymphs, however, failed to show any immunological 
difference between them. 


TECHNIQUE OF VACCINATION 


Coming to the consideration of matters important in the technique 
of vaccination, the value of using a potent lymph and giving more than 
one insertion was demonstrated by Horgan and Haseeb (1944). Mention 
has already been made of the cessation of smallpox cases in the Eastern 
Command in India in 1944, when steps were taken to ensure the potency 
of the lymph used. In times of epidemic the Army Medical Department, 
War Office, London, recommended following the practice of vaccination 
by three insertions. ‘The practice in India was to give two linear inser- 
tions, each 2 inch long and 1 inch apart. In April 1946, this was 
changed to a single linear incision } of an inch long for the first vaccina- 
tion after enlistment and three linear incisions } of an inch long and 
one inch apart for revaccination. There is evidence to suggest that the 
degree of protection is proportional to the number of insertions, but it 
is not entirely conclusive. The reasons which led to the practice of 
vaccination by single insertions for the British troops in the United King- 
dom were in the words of Marsden (1946) somewhat as follows: 


“Before the Ministry of Health Committee on Vaccination (1928), 
Cameron presented evidence, derived from an analysis of 10,463 
cases of smallpox, which supported conclusions that protection 
against death from smallpox is directly related to (1) the number 
of vaccination scars and (ii) the area of cicatrix; and that, in a given 
scar area, protection is greater when there are four divisions of the 
area than when there are three or two. Evidence from an American 
source opposed to these conclusions (Leake and Thomas, 1926) 
and based on the revaccination of students, was largely discounted 
by the Committee on the grounds that the ages at primary vaccination 
were not given and because the test was one of immunity by 
vaccination against vaccinia and not of the immunity by vaccination 
against smallpox. Nevertheless, the Committee, faced with the 
unsolved problem of postvaccinal encephalitis, with a general decline 
of public vaccination, and a prevalence of variola minor, considered 
it expedient to recommend a trial of vaccination by one insertion, 
with the proviso that vaccination by multiple insertions should be 
available to such persons as desired to ensure the greatest measure 
of protection available at one operation ””, 
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¡ conclusive enough to bring about any material change 
ld rias asis rd the niareGtive value of vaccination by single 
insertion is available but it is noteworthy that when faced with virulent 
smallpox it has often been considered expedient to follow the multiple 
insertion method of vaccination, both in Indian and British troops. 


About 95 per cent. of the recruits entering the army in the United 
Kingdom were either completely unprotected or had not been vaccinated 
since infancy, and it was expected that their reactions to vaccination 
would be unmodified by immunity. They were, therefore, vaccinated 
with a single insertion } of an inch long, but in special circumstances, 
as already pointed out, such as in the presence of an epidemic or in the 
event of failure, vaccination was done with three insertions with an inter- 
val of an inch between them. In respect of the question as to how often 
the revaccination was to be done, there was general agreement among the 
three services in 1944, that in the absence of an epidemic revaccination 
was to be done every five years in the United Kingdom and every three 
years when abroad. A change in the technique was also made, both in 
India and the United Kingdom by discarding the use of volatile antiseptic 
such as ether, alcohol or methylated spirit to avoid the risk of inactivating 
the lymph and using in its place soap and water only for cleansing purposes 
and then thoroughly drying the part with sterile gauze pad before 
vaccination. 


REVISED PROCEDURE REGARDING INSPECTION AND RECORDING OF REACTION 


In respect of the inspection and recording of reaction, the revised 
procedure for the Army in India, which came into force in April 1946, 
required inspection seven days after the vaccination and a record of 
successful vaccination was made if a vesicle was present on the seventh 
day. If no vesicle was present on the seventh day the result was recorded 
as insusceptible to vaccination. This change became necessary in view 
of the growing evidence that vesicle formation and not immune reaction 
was proof of successful vaccination. Under this new procedure, re- 
vaccination was to be carried out at two yearly intervals and with three 
linear scarifications. If on reading the result on the seventh day there 
was no vesicle formation one further attempt with three scarifications 
was considered necessary. 
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CHAPTER XXXIII 


Tetanus 


When World War 1 commenced, tetanus was a deadly danger to 
the wounded soldiers in France and Flanders. Later, with the introduc- 
tion of passive immunisation, the incidence fell from 9 per 1,000 in 
September to 1-4 per 1,000 in November 1914. It remained about 
this level for some time but the year 1917 registered a further fall in 
the incidence, partly because the importance of giving repeated injec- 
tions of prophylactic antitoxin was realised and partly from improvement 
in surgical technique. The prophylactic use of antitoxin for all wounded 
not only reduced the incidence of tetanus to less than 1 per 1,000 but 
also modified the disease and reduced the mortality in those attacked. 
At the end of the war, in spite of this great improvement tetanus still 
remained an appreciable risk, No advance in prevention took place 
until 1927 when Ramon and Zoeller (1927) advocated the use of tetanus 
toxoid for active immunisation. Since then, their method has been 
modified and developed. Following promising animal experiments it 
was at first used to protect army horses and later on for the active immuni- 
sation of soldiers.* 


World War II provided an opportunity for testing the efficacy 
of active immunisation against tetanus for the first time on a large scale. 
When the war began in 1939, there was no consensus of opinion regarding 
the choice of antigen, i.e., whether to use the plain or alum-precipitated 
toxoid and whether to rely entirely on active immunisation or to com- 
bine it with antitoxin at the time of injury. Similarly, opinions differed 
regarding the amount, number and spacing of doses both for initial 
immunisation and permanent protection. These problems were not 
easy to solve partly because there was no simple method of testing the 
degree of immunity against tetanus in man other than the laborious 
bio-assay, The titre necessary for protection was not known with 
certainty and various authorities gave figures between 0:001 and 0°2 IU 
per cc. It was also not known how long protection lasted without 
repeated injections of toxoids although appreciable amounts of antitoxin 
were shown to be present for months or years after active immunisation. 


ACTIVE IMMUNISATION AGAINST TETANUS IN THE ARMY IN INDIA 


On the continent, it was the practice to give three doses of toxoids 
at relatively short intervals. As soon as World War II began, instruc- 
tons were issued for the immunisation of all personnel of the Army in 
India, who were likely to proceed abroad, with two doses of tetanus 


*Even with the present method of treatment 
tetanus 1s still very bad. In any large series 
mately 60%, mortality may be expected. Th 


and the use of muscle relaxants in i 
$ c of combin 
await elucidation. m 


the prognosis in well established cases of 
of severe and moderately severe cases, approxi- 
1€ value of antitoxic sera, the role of tracheotomy 
ion with artificial respiration with IPP apparatus 
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OT ae hes equ E cr of six weeks or at a slightly longer inter- 
duties and there m bedir soy A a Pol ge lea 
Po pera oh y any a with training. In the case 
before D sma ri were brought into India or sent abroad from India 
d dose could be given, arrangements were made for the 
despatch of toxoid with such personnel so that the second dose could be 
given at the due time. The toxoid so despatched was protected against 
deterioration from heat during storage and transit. Consignments of 
toxoids were obtained from the United Kingdom. Although the 
manufacture of tetanus toxoid for the immunisation of the Army in 
India was contemplated, yet it appears that the scheme did not, in the end, 
materialise. Bulk supplies were obtained in three sizes of phials of which 
70 per cent. phials contained 50 cc. of the toxoid, 20 per cent. 10 ce. 
and 10 per cent. 5 cc. The toxoid was kept protected against light by 
bottles being kept in cartons in which they were supplied and stored 
in dark places. Although, as already pointed out, there was no reac- 
ton as a result of the inoculation with the toxoid, yet it was considered 
desirable to avoid active exercise for the first 24 hours. The immunisa- 
tion of all the troops against tetanus, however, took time, and in 
December 1940 only 55 per cent. of the personnel of an Indian division 
were stated to be fully protected, and medical officers had to be instructed 
to ensure that all men were immunised before leaving their training 
stations. Owing to the foul odour of the toxoid, some of the medical 
officers were apprehensive about its deterioration and ultimately they — 
had to be reassured that foul smell was not necessarily a sign of deteri- 
oration. Cultures of Clostridium tetanı in liquid media are generally foul 
smelling and the subsequent process of filtration and formalisation, 
which free the culture of living organisms and change the toxin into 
toxoid, does not remove the smell. Prior to release, such products were 
put to extremely stringent test for sterility and toxicity. 


The practice in the British Army was to inoculate each man with 
two doses of tetanus toxoid at an interval of six weeks (Boyd and 
MacLennan, 1942). After a further interval of at least six months, a third 
dose of 1 cc. was given. Inoculation with tetanus toxoid was on a volun- 
tary basis both in the Indian and the British Armies, andin the latter the 
percentage of those inoculated with two doses was over 95 per cent. 
in most units. Each soldier was further given a dose of 3,000 IU of 
tetanus antitoxin as soon as possible after his being wounded. This 
was intended to cover any gaps in the protection afforded by active 
immunisation. Unfortunately, in the rush of battle, the antitoxin 
could not always be given. If the patient was never actively immunised, 
he was given at least two further doses of tetanus antitoxin. Towards 
the later period of the war, the practice of giving a reinforcing or 
boosting dose of 1 cc. within a year of the second injection and repeated 
at yearly intervals was introduced in the Army in India. 


INCIDENCE OF TETANUS IN THE MIDDLE EAST 


Boyd and MacLennan (1942) studied the effects of active immunisa- 
tion of the incidence of tetanus in the Middle East. F ortunately, it 
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was possible to obtain records of most of the cases that occurred and to 
study the relationship of the incidence to active and passive immunisa- 
tion. The sandy and arid soil of the desert was unsuited to the propaga- 
tion Of anaerobes, unlike that of France and Flanders. Along the main 
tracks, one came across desiccated droppings of donkeys, ponies and 
camels. Soil samples taken from 91 different spots between El Daba 
and Benghazi, including the Qattara Depression, were examined for 
tetanus spores with positive results in eight cases (8°8 per cent.). In 
the samples taken between El Daba and Tobruk, where the country is 
mainly desert, tetanus was found only in three out of 60 samples, whereas 
it was found in five out of 31 samples taken from the more fertile lands 
west of Tobruk. All the strains of Clostridium tetanı isolated from the soil 
were toxigenic. In spite of relative rarity of tetanus bacilli in the soil 
samples, they were by no means uncommon in wounds and were found in 
18 (84 per cent.) out of 214 wound cultures. In the period under 
report, 13 cases of clinical tetanus including one from Malta were report- 
ed from the Middle East Expeditionary Force. The troops in this theatre 
who had come from the United Kingdom, Australia, New Zealand and 
India had been inoculated with tetanus toxoid but not those from 
South Africa amongst whom toxoid immunisation had only recently 
been introduced. The German troops were not immunised in the early 
stages of the campaign. It is not known whether Italian troops were 
immunised but the medical stores captured from them contained large - 
quantities of a typhoid-paratyphoid vaccine embodying potent tetanus 
toxoid. The inoculation state of the Italian troops was, however, low. 
In the British and Dominion forces receiving routine inoculation, the 
incidence was 0:13 per 1,000 wounded, whereas among the South 
African troops during the same period it was 1-6 per 1,000 wounded. 
On the whole, the incidence of tetanus among the actively immunised 
troops was negligible but the number of cases reported in the unprotect- 
ed South African, Italian and German wounded was relatively high. 


Of the 18 cases of tetanus reported and investigated five were in 
men who had been actively immunised, four with two and one with three 
doses of the toxoid, One case, in which only a single dose was given, 
was included in the non-immunised series. None of these five cases was 
given the stipulated 3,000 units of anti-tetanus serum as a prophylactic 
measure after being wounded. Of these five persons, two recovered 
(one a Maori and the other an Indian) and three were fatal. The rest 
of the 13 cases were in the non-immunised group. These facts indicated 
the value of active immunisation against tetanus but the fact that five 
cases developed in the inoculated men suggested that this measure had its 
limitations and the possible causes of failure were twofold. The first 
was lack of response to immunisation which could possibly be overcome 
by the third dose of toxoid. Later on, this became the accepted practice 
in the army. The second cause of failure probably was the extensive 
focus of infection in which the toxin was presumably produced so rapidly 
that it outpaced the antitoxin production of the defence mechanism. 
The protection afforded by active immunisation evidently had its ceiling 


and, under ordinary conditions, it was not capable of neutralising massive 


quantities of toxin formed in extensive areas of necrotic tissue. It appears 
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that in such cases careful surgical treatment with removal of all dead 
tissues offered the only hope of preventing the onset of tetanus. 


_ The evidence given above and the limited experience of tetanus 
toxoid suggested that active immunisation could be areliahle and, in some 
ways, a more advantageous method of prophylaxis for the soldier in 
war. ‘The disadvantage in the passive method of immunisation by anti- 
toxin was that it had to be given soon after a man was wounded, and 
this was not always possible in a modern war. Besides, severe reactions 
occasionally followed the administration of antitoxin or a sensitivity 
to subsequent doses was produced and antitoxin, even if repeated, did 
not always afford complete protection. There was evidence on the 
other hand, that active immunisation produced slight reaction only 
rarely and had the great advantage that it could be completed 
before the soldier went on active service and did not need to be repeated 
for a year or so. The chief disadvantage of the active method of 
immunisation, however, was that its efficacy had not been tested and 
established on a mass scale over long periods in the initial stages of the 
war. 


IMMUNISATION METHODS IN DIFFERENT ARMIES 


The diversity of opinion as to the best method of producing active 
immunisation and lack of confidence in the efficacy of a hitherto untried 


measure of protection was reflected by differences in practice in the Allied 
armies. 


In the British Army, the soldier was inoculated with a dose of 
toxoid on joining, and a second dose was given about six weeks later, and 
a further dose every 12 months (War Office, 1942). It was considered 
that this procedure set up a shadow factory for antitoxin and kept in 
commission but did not maintain the circulating antitoxin at a constant 
high level. When the tetanus organisms entered the body, it was argued 
that there was a danger period of several days before the shadow factory 
began to produce antitoxin in adequate amounts; during this danger 
period the patient could be protected by the administration of anti- 
toxin, at least 3,000 units, as soon as possible after he was wounded. 
It was stated that this routine of passive immunisation had the additional 
advantage that it covered any man who might have escaped or refused 
active immunisation. Such men were given two extra doses of 3,000 
units at weekly intervals to make them safe. 


In the United States Army, active immunisation was compulsory 
and in fact it went further. Not only did the recruit receive three spaced 
injections of the toxoid, but he was also given a fourth dose on entering 
a theatre of war and renewal doses once every four months thereafter. 
The American authorities believed that these inoculations maintained 
such a high level of circulating antitoxin that passive immunisation 
after wounding was unnecessary. Instead of a dose of antitoxin, the 
wounded American soldier was given a final boosting dose of toxoid. 
The United States Army went to the extent of asking the British services, 
both civil and military, to conform with this practice in treating American 
casualties. The Canadian authorities also made a similar request, 
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and it was agreed that whenever possible the toxoid would he used for the 
treatment of both the American and Canadian personnel instead of the 
prophylactic antitoxin. Under battle conditions, however, 1t was not 
always possible to follow this distinction in the treatment of the British 
and American wounded, but as far as possible, the American and Canadian 
requests were complied with. 


Experimenting with human volunteers, Fraser, MacLean, Orr, 
Plummer and Wishart, (1943) showed that the tetanus antitoxin titres 
of sera were much higher after three than after two injections of the 
antigen, even though all the three doses might be given within six weeks, 
They also obtained somewhat improved titres when the toxoid was com- 
bined with TAB before inoculation. The combined antigen was also 
very successful when used as a ‘recall dose’ one year later. The increase 
of antigenic effect by combining tetanus toxoid with TAB or diphtheria 
toxoid was a measure of practical importance when large numbers 
of men had to be immunised against both tetanus and typhoid. They 
suggested that the first ‘recall dose’ of TABT (fourth dose} be given not 
less than three and not more than six months after the primary series 
of injections. This schedule was modified at times in order that a ‘recall 
dose’ may coincide with the entry of troops into combat zone. 


Gold and Bachers (1943) showed that when ordinary prophylactic 
doses of tetanus toxoid and antitoxin were injected simultaneously at two 
widely separated sites, the gradual absorption of the former caused little, 
if any, diminution in the subsequent titre of circulating antitoxin and 
thus presumably in the level and the duration of the passive immunity 
conferred. On the other hand, the presence of the high concentration 
of antitoxin in the tissue fluids was found to impair the value of this 
initial toxoid inoculation as the sensitising dose preparatory to the 
production of active immunity later. These conclusions were, however, 
based upon small numbers of subjects tested and the views advanced by 
Gold and Bachers (1943) may not withstand statistical examination. 


_ The Swiss Army followed the practice of immunisation with 
a mixed vaccine, TPT, prepared by the Pasteur Institute in Paris. The 
vaccine contained 0°94 cc. of tetanus toxoid (containing about 20 
flocculation units per cc.) and 0:06 cc. of a bacterial suspension contain- 
ing 1,050 million Bact. typhosum and 700 million each of Bact. paratyphosum 
A and B. Ordinarily, three injections of 1, 2 and 3 cc. were given at 
intervals of 15-30 days (Regamey, 1944). After two inoculations of 
TPT vaccine, it was noticed in 13 test subjects that they had average 
antitoxin titres of 0°05 American Unit (AU) per cc. on the fourteenth 
day after the second injection, the worst reactors having only 0°01 
AU per cc. In 296 subjects inoculated on three occasions, the average 
antitoxin titre was found to rise to nearly 5 AU per cc. and to remain 
high for more than 30 months; in none of these subjects did it fall below 
0:0075 AU by the end of this period. Inoculations with TPT were 
followed by local or general reactions. Subjects given a ‘recall dose’ 
of tetanus toxoid alone, following previous immunisation with TPT, 
showed a rapid increase in their serum antitoxin titres, The rise, 
among those receiving 2 cc. as the ‘recall dose’, was twice as great 
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as those receiving 1 cc. only; by the sixth day the average antitoxin 
titres in the former had risen to fifteen times as against five times in the 
latter when compared to the titres immediately before giving the ‘recall 
dose’. An important observation was that men who had received only one 
or two immunising inoculations with TPT, 18-34 months before, develop- 
ed antitoxin titres after the ‘recall dose’ that were amply sufficient to 
protect against tetanus. Another interesting finding was that the height to 
which the antitoxin titre rose after a single ‘recall dose’ was actually 
greater after an interval of 19-34 months since the first immunisation 
than when the interval was 6-8 months. Men who had reacted 
comparatively feebly to the first course of immunisation were found 
to respond remarkably well to ‘recall doses’ many months later. Alum- 
precipitated toxoid was not found to be suitable for the ‘recall dose’, 
because it was absorbed too slowly to effect the desired rapid rise in 
the antitoxin titre and much of its value under service conditions was 
thus apt to be lost. When tetanus toxoid alone was used as a ‘recall dose’, 
none of the 50 men specially studied showed any reactions which 
interfered with the active performance of duties, 


VALUE OF ACTIVE IMMUNISATION 


The reliability of active immunisation was first put to test in 
the British Expeditionary Force in France in 1940. About 90 per cent. 
had been actively immunised, but the practice of giving prophylactic 
antitoxin as well to all wounded tended to confuse the issue. The 
number of casualties also was small and little was known of those wound- 
ed who were left in France. In spite of these limitations, the fact emerges 
that there was surprisingly little tetanus. Only eight cases were report- 
ed and these were all among the 10 per cent. unprotected by active 
immunisation. No tetanus developed in the 90 per cent. who had been 
actively immunised (Bensted, 1941). It is interesting to compare these 
figures with those of the German-Polish campaign (Wildegans, 1940). 
It was estimated that 62 per cent. of the Polish soldiers failed to receive 
any prophylactic inoculation, and in another 18 per cent. it might not 
have been given. Out of 33,027 wounded there were 217 cases of tetanus, 
an incidence of 6°6 per 1,000. Among the wounded German soldiers 
in the same campaign the incidence was only 0:36 per 1,000. 


The effectiveness of active immunisation was also demonstrated 
during the campaign in the Middle East, although it must be stated 
that the chances of infection there, as indicated above, were considerably 
less than in France or Flanders. Further indirect evidence of the 
efficacy of active immunisation is afforded by the very small number 
of recorded cases. 


The results from the American Army, who did not receive mang 
were also encouraging. Only nine cases of tetanus were reported im 
24 years; none ee hee followed battle injuries and only two had 
completed their initial course of immunisation (Long, 1943 and 1944). 
The evidence available up to November 1944, although incomplete, 
indicated that active immunisation had been of great value 1n reducing 
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the incidence of tetanus below the level reached by the use 
prophylactic antitoxin alone in World War I. 
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CHAPTER XXXIV 
Venereal Diseases 


Venereal diseases are responsible for a considerable amount of 
manpower wastage in the armed forces. They differ from the other war 
diseases in as much as they are caused by the soldier's own actions for 


which he is entirely responsible and do not result from conditions 
over which he has no control, 


INCIDENCE 


The incidence (rate per 1,000) of VD in India and various theatres 
of war is given in Table I 


TABLE 1 


Incidence (rate per 1,000) of VD—All troops—India and various theatres of 
war—1941 to 1945. 


Theatre | 1941 | 1942 | 1943 | 1944 | 1945 
India y .. [30-80 | 44°50 | 50°53 | 50-37 | 47-31 
Ceylon ms de 51:06 | 39-82 | 41:79 | 29-63 
Assam, Arakan and certain | | 
parts of Burma. (Eastern 
Army) so .. | 28°45 | 50°20 | 81-17 ja 
Burma (Fourteenth Army) .. w rT 47:43 y 
ALFSEA (Burma, Malaya, 
Borneo, Sumatra, French, 
Indo-China etc.) a E T T xe 36:27 
Persia and Iraq Force .. | 70°50 | 62°00 | 41:52 | 38-47 | 42-56 





A A A AAA 0 


During 1945, in ALFSEA the VD ranked second among the causes 
of admissions to hospitals, the relative incidence being 10°46 per cent. 
Malaria which stood first at that time was responsible for 13°63 per cent. 
of the total admissions to hospitals in ALFSEA. In the American 
Army 28,24,000 mandays were lost on account of the period spent by 
men in hospital for the treatment of VD during the 20 months from 
January 1942 to September 1943 (Turner and Sternberg, 1944). 


The incidence of VD among the troops depends ultimately upon 
its incidence in the civilian population among whom they may happen 
to be stationed. There is a tendency for the rates of the two groups to 
come near each other. The rates prevailing in the Eastern Army for 
VD in 1942 were much the same as in the rest of India. It may 
look at first surprising that troops under active service conditions should 
have sufficient access to woman to equalise the rates. The explanation 
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was that facilities for cheap sexual intercourse in the towns in the Eastern 
Army behind the areas of actual operations, especially in Calcutta, were 
so plentiful that they more than compensated for lack of such facilities 
in forward areas. While on their way back to base areas on leave or 
duty, men returning from months of hardship in forward areas fell eas 
victims to the temptations of the town. The rates per 1,000 for VD 
in the Eastern Army and the rest of India in 1942 are shown below:— 


TABLE II 


Comparison of incidence (rate per 1,000) on account of VD—VCOs & IORs 
and BORs—Eastern Army and rest of Indta—1942, 


ery 


Troops Eastern Rest of 


Army India 
VCOs & TORs EN 39:3 42:5 
BORs en ia 72°2 69:6 


| 


In India, these diseases are not compulsorily notifiable and 
facilities for treatment for the general population are woefully in- 
adequate. Owing to economic reasons, the number of prostitutes in 
big cities and in the vicinity of cantonments is large. These various 
factors along with those discussed later contributed to a high VD rate 
among the troops in India. 


The incidence of VD in the Army in India can be best considered 
by dealing with the subject separately for the two main racial groups of 
which it was composed, the Indian and British owing to the different 
social problems involved. The same distinction would be observed 
in considering the incidence of these diseases in the various theatres of 
war. The African troops will be given separate consideration for the 
same reasons. The prevalence of VD in any community is intimately 
connected with its moral outlook, social conditions and the stage of 
advancement in general education and preventive medicine. The 
position with regard to the incidence of VD in the Army in India at 
the outbreak of hostilities in Europe may be first considered. 


INCIDENCE IN INDIA 


_ Indian Troops: So far as the Indian troops were concerned, the 
incidence of VD had been declining since 1935, when the rate was 10-1 
per 1,000. In 1938, it had come down to 7:5 but had again risen to 
85 only in 1939. There thus appeared to be no immediate cause for 
anxiety. Subsequent events belied this expectation. The year 1940 
saw the incidence of these diseases more than doubled when compared 
to that of the previous year. The rate per 1,000 had reached 18°9. 

e Were many explanations for this. The Indian soldier, owing 
to his backward state of general education, was more prone to 
avoid official treatment and thus conceal his disease. During the year 


VENEREAL DISEASES 701 


1940, there was a plethora of medical examinations for troops about to 
proceed overseas, for categorisations, and for new arrivals in a station 
with the result that more cases of VD were discovered among them. 
Such cases would have been missed in normal times. Another important 
factor was the increase in the number of men recruited from the towns 
and industrial areas for the mechanical transport and ordnance units. 
Such men were sophisticated and accustomed to consorting with prosti- 
tutes than the country recruits who generally joined the other units of 
the army." The war psychology had also gripped the Indian soldiers 
many of whom adopted the mental attitude “let me enjoy myself before 
I go on active service where 1 may possibly be killed’. Such 
an attitude naturally led to increase in sexual indulgence. Subsequent 
years continued to record increase in the incidence of the VD in the Army 
in India as shown below:— 


TABLE 111 


Incidence (rate per 1,000) of VD—-VCOs € IORs and BORs—India Command 
1940 fo 1946, 





Troops 1940 | 1941 1942 1943 | 1944 | 1945 | 1946 

VCOs € | | 
IORs .. | 18-9 | 27°9 | 42-5 | 49-8 | 48-7 | 43-4 | 46:6 

BORs ..! 58-1 64-5 69-6 | 63:9 | 72°0 | 79-8 folk 


British Troops: The admission rate per 1,000 on account of 
these diseases for the British troops in India had been on the increase 
- since 1936. In 1939, it had shown a disquieting upward trend, having 
risen from 43:5 in 1938 to 52°4 in that year. Further increase in the 
incidence was anticipated as thefwar progressed. Although there had 
been a progressive decline in the loss of man-days through these diseases 
since 1936, yet it did not disclose the true state of affairs as there had been 
steady reductions in strength throughout this period. In 1936, the 
number of days lost from, duty was 79,759 as against 51,465 in 
1939. The incidence of VD differed in various military stations in 
India during 1939 to 1945; Kanpur, Jubbalpore, Bombay, Madras, 
Calcutta, Perampore and Lucknow showing comparatively higher rates 
during this period. 

Many factors were responsible for the rise in the incidence among 
the British troops in India. The foremost among them was the restless 
feeling created by the war, and this was aggravated by frequent moves 
and arrivals of units to new stations. The shortage of preventive packets 
at the outbreak of war was the second factor. Only one packet per man 
per year was available. This number was ridiculously small and arrange- 
ments were soon made to make them available on the ‘as required’ basis. 
Lack of feminine society and presence of ample facilities and temptations 


1 This was the trend of thinking during the war years, though a later study during post- 
war years exclusively with Indian troops proved beyond doubt that such attributions to recruits 
from towns and industrial areas are untenable (Banerjee and Narain, 1954). 
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for consorting with prostitutes were also partly responsible for the increase 
of VD among them. Lastly, the fear of acquiring VD and its consequences 
had receded into the background owing to the easy availability 
of sulphonamide drugs. Their costs were much smalier when compared 
to the penalties imposed on the soldier on acquiring VD. A noticeable 
feature hitherto absent was a decrease in the admission rate in certain 
areas for frank gonorrhoea and increase of non-specific urethritis. The 
bright side of the picture was the remarkable reduction of the hospitalisa- 
tion period in the treatment of gonorrhoea. Although preventive 
ablution rooms were maintained in all units in a fully equipped state and 
were reasonably staffed yet the considered opinion was that 50 to 80 
per cent. of those infected never made any attempt to use them. 


In 1940, the admission rate of VD was 58°1 per 1,000 having risen 
by 5:7 over the rate for the previous year. No satisfactory explanation 
could be given for this. Many of the British soldiers were young and 
new to India, and it was expected that their presence would contribute 
to the lowering of the rate since they, as a rule, were known to consort 
` with Indian prostitutes only after a stay of an year or more in India. 
All the factors already described were still operative. The ever-present 
possibility of active service probably produced a lowering of the moral 
standards of the troops. 


Comparison of the incidence of VD among the Indian and British Troops: 
The following table shows the incidence of the various categories of 
VD among the Indian and British troops in India from 1939 to 1946: 


TABLE IV 


Comparison of the incidence (rate per 1,000) ef VD—VCOs & IORs and BORs— 
India Command—1939 to 1946. 





| 
Soft chancre 








Gonorrhoea Syphilis including Total VD 
other VD 

Year a aa oS ee oO ae YA 

| VCOs VCOs COs VCOs 

ES BORs & BORs & BORs &  |BORs 

IORs TORs IORs IORs 
1939 3-4 | 32-7 3-4 8-4 1:7 | 11-9 8:5 | 53:1 
= 7:5 | 30-9 6°] 12-7 5:3 14:5 18:9 | 58:1 
1941; 9-4 | 33-8 8-1 12-6 10:4 | 18-1 97:9 | 64°5 
1942) 11-0 | 27°] 10:3 9:5 | 21-9 33-0 49-5 | 69°6 
1943, 11-4 | 26-3 9:5 8-2 28-9 99-4 | 49-8 | 63-9 
1944, 11-5 | 31-6 12°6 9-4 | 24-6 31-0 48-7 | 72-0 
1945] 82 | 25-6 11-7 11-7 | 23-5 | 42-5 | 43-4 |798 
li 9'4 | 20:0 15-0 6-7 22-92 33:1 46-6 hae 
NENE PRAPER PEEPI: te he: ot Pee 





T u Ai seen from Table IV that the incidence of total VD among 
: e British troops in India was much higher than that among the Indian 
a It was more than three times as high as the Indian rate in 1940. 

e marked disparity between the Indian and the British rates continued 
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up to the year 1941. After that the ratio of total VD incidence among 
the Indian and British troops was about 1:16. As war progressed more 
VD cases were noticed among the Indian troops, and it appears that 
from 1942 onwards the Indian and British troops were subjected to almost 
the same factors in causing an increase of VD among them. Such 
differences as were noticeable among the two groups were accountable 
by their different economic status and social conditions or outlook. 


Gonorrhoea showed a tendency to increase among the Indian 
troops up to the year 1944, after which it began to decline. The incidence 
in 1945 and 1946 was still much higher than the early years of war. So 
far as the British troops were concerned the incidence of gonorrhoea 
remained more or less the same up to 1944, and it was only in the year 
1945 that the decline began. The rate for 1946 was the lowest record- 
ed among the British troops during 1939 to 1946. 


Syphilis showed an almost steady upward trend throughout among 
the Indian troops from 1939 to 1946, the rate for 1946 being more than 
double that of 1940. The incidence of syphilis among the British troops 
from 1940 to 1943 was on the decline but rose again in 1944 and 1945. 
The lowest rate (6°7) recorded among them was in the year 1946 and 
the highest (12:7) in 1940. 


The British troops suffered two to four times more from gonorrhoea 
than the Indian troops, the rates for the former being 30°9 in 1940 as 
against 7:5 for the latter in the same year, So far as syphilis was 
concerned they showed a rising and higher rate than the Indian troops 
up to 1941, after which signs of decline began to be noticeable among 
them although it continued to increase among the Indian troops during 
the same period. The year 1946 was marked by the highest incidence 
for syphilis for the Indian and the lowest for the British troops, the rate 
for the former being 15:0 as against 6'7 for the latter. The Indian 
troops showed a comparatively lower incidence of soft chancre (inciud- 
ing other VD) when compared with British troops. 


Generally speaking, gonorrhoea and syphilis were more prevalent 
among the Indian troops during the period of war, with the exception 
of 1942 and 1943, than soft chancre (including other VD). Among 
the British troops the disease least prevalent in the VD group was 
syphilis; gonorrhoea was more prevalent among them than soft chancre 
up to the year 1941, after which the rates for soft chancre became higher 
than those of gonorrhoea (except 1944). When the relative proportions 
of the diseases of the VD group as shown in Table IV are considered 
some marked contrasts between admissions for Indian and British troops 
are noticed. To illustrate this point, the following rates for 1939 are 
taken as an example :— 


LS a 








l aane | 
Troops Gonorr- | Syphilis Soft - Other Total 
p hoea | a chancre VD VD 
VCOs & IORs .. 34 | 34 1:2 05 | 8:5 
BORs .. 3 32-7 | 8-4 10:2 1-1 | 52-4 
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The difference between the proportions of syphilis and gonorrhoea 
for the two groups is striking. The comparatively lower rate for gonorr- 
hoea in the VCOs and IORs does not necessarily imply corresponding 
absence of infection. The probable explanation is that the Indian 
soldiers possibly did not consider it. worth while to report sick with 
gonorrhoea but attached importance to the full treatment of syphilis, 
or that mercury cream was more often used by the British soldiers in whom 
a certain proportion of syphilis was aborted. 


VD AMONG INDIAN AND BRITISH TROOPS OVERSEAS 
The VD incidence among the Indian and British troops serving 
overseas was not marked by the great disparity in rates noticed in the 
India Command. The total VD rates per 1,000 for India and the 
various countries are shown in Table V. 


TABLE V 


Incidence (rate per 1,000) of VD—VCOs € IORs and BORs-—ZJndia and various 
theatres of war—1941 to 1945. 








Theatre 1941 1942 1943 | 1944 1945 
India 
VCOs & IORs sú 27:9 42:5 49°8 48:7 43.4 
BORs ee zs 64:5 69:6 63:9 72:0 79:8 
Ceylon 
VCOs € IORs ‘a: den 46°6 44:5 39-8 36:8 
BORs i ap 112-7 62:5 46:8 61:6 


Indo-Burma front, Burma and 
SEAC (excluding Ceylon) 


VCOs & IORs .. | 24°3 39°2 65°7 36:3 34:5 

BORs se .. | 67-6 72:2 | 157:9 69:2 54-1 
Persia and Iraq Force 

VCOs & IORs ss] 655 56:9 44:0 38:3 37:6 

BORs 78-1 75-1 36:2 48:2 69-2 


campaigns were undertaken. During the years 1941 and 1942, the 
Indian troops in Persia and Iraq Force had a higher VD rate than those 
in India. Later on, the rates became lower partly owing to the more 
settled attitude of mind due to termination or impending termination of 
active operations in those countries. On the other hand, Burma had 
fallen in May 1942, and subsequent years were marked by an intensi- 
fication of military activities on the Indo-Burma front. This had an 
unsettling effect on the Indian soldier’s mental attitude in these parts 
and resulted in the loosening of his moral bonds. 


_ One of the reasons for the very high incidence of VD among the 
Indian and British troops in Iraq and Iran in 1941 and 1942 was that 
most of them used to arrive at Basra already infected from India. It 
was noticed towards the end of 1941 that 80 per cent. of the Indian 
oe and 20 per cent. of the British troops arriving from India were 
a ected. Facilities for acquiring infection at Basra, Baghdad and other 
places were also plentiful, About the same time, among the Indian troops 
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serving in the Middle East in Egypt, alarge proportion was found to have 
acquired venereal infection while on leave in the Nile Delta or in the case 
of drafts prior to joining their units. 


On the Assam-Burma front, prostitution prevailed unchecked. 
Most of the Khasi women in Assam were heavily infected. In the Four- 
teenth Army in the early part of 1944, nearly 33 per cent. of the beds 
provided in the southern line were occupied by cases of VD. In Malaya, 
the VD incidence had always been high. Prostitution was widely 
prevalent before and after the Japanese occupation. The prostitutes 
were riddied with VD and in the earlier years of war were freely available 
owing to the influx of refugee women from China. In the Ceylon 
Command, the wide prevalence of VD among the Indian and British 
troops created serious problems. The chief centres for infection were 
Colombo and Kandy where pimps and prostitutes were a nuisance. 
Their activities were spreading also to other areas occupied by the troops. 
In the French Indo-China, the largest group of diseases among the 
occupying troops from September 1945 to February 1946 was VD. They 
were responsible for one third of all the admissions to hospitals. 


INCIDENCE IN VARIOUS REGIONS 


A table showing admission rates per 1,000 strength from 1941 
to 1945, for the various categories of VD in the different theatres of war 
for India based troops is given below:— 


Taste VI 


Incidence? (rate per 1,000) of VD by its different categories—All troops—India 
and various theatres of war—1941 to 1945. 





Theatre of war | Syphilis | Gonorr- Soft Other 
hoea chancre VD 
India 
1941 8°38 11:47 4-06 - 6°89 
1942 9-99 12-57 11-12 10-82 
1943 9-09 13-19 16°37 11-88 
1944 11-92 13-70 2-81 21:94 
1945 11-39 10:45 1-60 23°87 
Ceylon | 
1945 2:72 5:47 0-14 21-30 


Indo-Burma front, Burma and | 
SEAC (excluding Ceylon) | 


pa 
‘ o 
6 
O 
= 
5 


1941 ; 9:21 12-17 
1942 mp >. 9:54 15°23 4-04 21-38 
1945 Gi jii 5-36 10:33 0:12 20 
| 
Persia and Iraq Force 
1945 A 2 ai | 8-11 | 10-0] 24:44 
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Break-up of VD is not available for the years not shown in the table, 
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“The following facts emerge from a closer examination of the figures: 


(i) that the incidence of syphilis, gonorrhoea and soft chancre was 
the lowest in Ceylon; 
(ii) that in Persia and Iraq Force no cases of soft chancre were reported; 


(iii) that the incidence of syphilis in India Command was higher than 
that in the overseas theatres of war with the exception of the 
year 1941; 

(iv) that the highest rate of gonorrhoea was noticed in the Eastern 
Army in 1942, on the Indo-Burma front and the lowest (5» 47) 
in Ceylon in 1945. In India moderately high rates prevailed 
throughout 1941 to 1945 ranging from 10:45 to 13-70; 

(v) that from 1942 onwards, the group of diseases included in the 
term “other VD” increased in all the regions owing to greater 
consciousness among the troops for the proper treatment of 
VD as a result of the anti-VD campaign conducted by medical 
officers and others, 


RELATIVE INCIDENCE OF VARIOUS CATEGORIES OF VD 


The following table shows the relative incidence or percentages for 
the various categories of VD prevalent among the troops in different 
countries :— 

TABLE VII 


Relative incidence? ( percentage of different categories of VD to total VD )— 
All troops-—India and various theatres of war—1941 to 1945. 











Theatres Syphilis Gonorrhoea Soft Other VD 
chancre 
India 
1941 .. pd 27:21 37:24 13:18 22:37 
1942 ., zi 22-45 28-24 25°00 24:31 
1943 ., 17:99 26-11 32:38 23-52 
1944 . 23°67 27°20 5°58 43°55 
1945. 24:08 22:09 3:38 50:45 
Ceylon 
1945 .. 9:56 19-21 0:48 70:75 
Indo-Burma front, 
Burma Comd. SEA 
am Ceylon) 
941. k 32:78 43:31 7:05 16:86 
1942 | 18-99 30°32 8:04 42°65 
1945 . 14:78 28-48 0:33 56:41 
Persia and ene Force 
: 19-05 23-52 57:43 


3 O ofthe VD bh on í  Q  __ ___ €<€Q  _—_ a i 





up of the VD is not available for the years not shown in the table. 
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This table shows that:— 


(i) Gonorrhoea was much more prevalent than syphilis in all the 
regions from 1941 to 1945, except in one year (1945) in India. 

(ii) The diseases included under the term ‘other VD” were pre- 
ponderatingly higher than syphilis or gonorrhota or soft 
chancre in the year 1945 in all countries, The earlier years 
were marked by a tendency for this group to increase. 

(ii) During the years 1941 to 1945, a tendency to decline was noticed 
in the percentage of gonorrhoea to total venereal infection in 
all the countries. While a similar tendency was noticeable in 
respect of syphilis in ALFSEA throughout and in India up to 
1942, a reverse tendency began from 1943 in India and con- 
tinued up to the end of 1945. 

(iv) 1f Ceylon was to be excluded, syphilis accounted for a minimum 
of 15-24 per cent. and a maximum of 32:78 per cent. of all 
venereal infections in different countries from 1941 to 1945, 
and gonorrhoea a minimum of 20:99 per cent. and maximum 
of 43:31 per cent. for the same period. 


VD AMONG AFRICAN TROOPS 

VD incidence among the African troops who were mostly in 
Burma and Ceylon was much higher than other troops in 1944 and 1945. 
The admission rates per 1,000 are given below:— 


TaBe VIII 


Comparative incidence (rate per 1,000) of VD—Indian, British and African 
troops—ALFSEA (excluding Ceylon) and Ceylon—1944 and 1945. 


Ol igh pS era aa Pe 








ALFSEA (excluding Ceylon 
Ceylon) 
Troops 
1945 
1944 (January 1944 1945 
to 
September) | 
VCOs & IORs es 36:3 34:47 39:85 36:85 
BORs ja 69:23 54:14 | 46:84 61-56 
East African Other Ranks... 30:50*| 62°19 | 79:33 | 92°13 
West African Other Ranks .. 75:04 51:44 | a 
| 








*June 1944 to December 1944. 


The general opinion was that among the causes that contributed 
to a high incidence of VD among the Africans the most important was 
the lack of inhibition or comparatively lesser control over natural urges 
as compared to other troops. 
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PREVENTIVE MEASURES 


There are few subjects larger and more involved than VD and in 
which it is easier to make mistakes of real importance. War and high 
incidence of VD go hand in hand and had in the past created problems 
which baffled solution. The key to the control of VD lies in one of the 
deepest and most fundamental human reactions—the sex urge. VD 
is the symptom of break-down in a basic mechanism—the moral 
behaviour of the individual. Until some positive means can be devised 
to prevent this break-down in the circumstances of war and peace, practi- 
cal VD control must, of necessity, be based ultimately upon the treatment 
of symptoms, using the most direct and effective weapon available and the 
adoption of such prophylactic measures as have been found useful by 
experience. There are people who consider that the most fruitful 
approach to the solution of the problem lies in the education of the soldier 
in high moral standards and abstention from sexual intercourse. The 
experience, however, was that under the stress of extreme emotional 
reaction attendant upon war-time, such education proved of dubious 
value in preventing exposure to infection. The problem of prevention 
has always been a thorny one. There are many pitfalls in the way and 
preventive remedies for uniform application are not readily forthcoming. 
The policy adopted for the prevention of VD in the Army in India was 
based on the discountenance of prostitution and brothels, treating 
the concealment of VD as a military offence though not acquirement 
of the disease itself, and non-penalisation of the soldier affected with 
it by either depriving him of leave privileges or imposition of additional 
fatigue duties. It was, however, considered essential to warn him 
against the risks of acquiring VD through illicit sexual intercourse by 
means of lectures, cinematograph films and other suitable means. 
If, in spite of these, the soldier chose to expose himself to infection he 
was enjoined to take prophylactic treatment for which adequate facilities 
were provided in unit lines. In the case of troops proceeding overseas 
the policy adopted for the control of VD was almost the same, although 
at times difficulties arose in its implementation owing to local factors 
and facilities for sexual intercourse available in some countries. 


PROSTITUTION AND VD 


l Prostitution, whether open or clandestine, has been the most 
important factor in the spread of VD among the troops. It had neither 
been possible to eradicate it nor make it illegal. Much controversy 
has raged round the subject of controlled prostitution and brothels, 
but the consensus of opinion seems to be that it is not easy to detect 
evidences of venereal infection in a prostitute by the routine methods 
of examination without laboratory aid. Even when laboratory aid is 
available the prostitute can successfully defeat the purpose of examina- 
tion by vaginal douching prior to such examinations. During the 
interval between examinations there is no method of ensuring that 
she will not acquire the infection and pass it on to her future client. 
In spite of the system of examining prostitutes being in vogue in France, 
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80,000 cases of gonorrhoea and 200,000 of syphilis were treated up to 
1917 in the French Army during World War 1. For these reasons the 
policy adopted for the Indian and British troops during the last war was 
to place the brothels out of bounds for them. This was only partially 
successful as in most of the war-ridden countries there was a tremendous 
amount of clandestine prostitution owing to economic forces and the 
psychology created by war. In the SEAC the position became so serious 
that the Supreme Allied Commander, in 1945, had to issue a directive 
requiring the civil and military authorities to make a proclamation on 
the lines of Ordinance 33B which was at that time in force in the United 
Kingdom. This ordinance enabled a woman, against whom two persons 
had made a complaint, to be taken compulsorily into a home or clinic 
for treatment. The ordinance, as made applicable to the SEAC, 
was far more drastic in as much as it permitted such action to be taken on 
the complaint of one person only. It was, however, conditional on 
facilities for treatment and enforcement being available. The main 
ports received the highest priority in the promulgation of this ordinance. 


In most countries, where troops based on India went, the system 
of placing the brothel area out of bounds for the troops, of tracing 
prostitutes who were the source of infection, and sterilising them by proper 
treatment through civilian medical agencies or army sponsored ones 
was adopted. The civil and military police co-operated in these efforts. 
With some exceptions the effect of these measures was to prevent the VD 
rate from going up. Success did not always follow the adoption of such 
measures. Among the British forces in Iraq and Iran the incidence 
of VD generally continued to be high up to the year 1942 in spite of 
the very strict control over brothels and establishments and of early 
treatment or preventive ablution rooms. 


INVESTIGATION OF THE MOTIVES WHICH LEAD SOLDIERS TO INCONTINENCE 


Psychiatric investigations were carried out to discover the motives 
that generally led soldiers to incontinence in the hope of finding some 
clues on which plan and propaganda for combating VD may be 
effectively based. In India, Tredgold (1944) made the investigation 
in a group of 100 British soldiers undergoing treatment in a BGH. 
Cases for investigation were selected at random and each case was 
subjected to a group intelligence test and an interview with the psychia- 
trist. To obtain uniformity a questionnaire was used as a guide to the 
examiner. Assessment was made at the same time of the patient’s 
personality in respect his fighting and technical ability, his sense of 
responsibility, his initiative and sociability. The VD rates among 
the various units in the station were also studied and compared with the 
attitude adopted by unit commanders and other officers. Unfortunately, 
full interviews could not be given to more than 50 men out of the 100 
studied. The results of investigation may be briefly given here. 81 
men had been suffering from the first attacks, 13 from their second 
and six from more than their second attacks. The average length of 
service in India in the case of those attacked for the first time was 19 
months, in the case of those attacked for the second time 18 months, 
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and in the case of those attacked more than twice 13 months. Of those 
attacked, 51 were married, 43 singles and in the case of the remaining 
the information could not be obtained for some reason. Of the 50 
questioned, 40 mentioned the prostitute as the source of infection. As 
to the reasons for intercourse, 14 men admitted as being drunk at that 
time, 20 stated that they were ‘ browned off ’, 31 considered it as the natural 
thing to do and only 19 said that they were overcome by desire which 
they knew to be wrong. Out of the 50 questioned, 45 felt that they had 
been against promiscuity in theory in the United Kingdom; 18 stated 
that they had intercourse with no one previously and 13 said that they 
had it with their wives only. On coming to India 31 (of whom 13 were 
married) regarded promiscuity as natural, and 19, although against it in 
theory, failed in practice; 35 men were definitely ashamed of having 
got VD, four were considerably afraid of future troubles, and only 
1] treated the matter as just bad luck. In respect of the attitude of their 
comrades 33 men stated as having been made to feel that intercourse 
was the natural thing to do. As regards the attitude of their officers, 
26 men thought their officers showed too little interest, 12 were of the 
opinion that their officers were too severe and another 12 complained 
of the stoppage of proficiency pay. It may be noted that no one express- 
ed the opinion that their officers were doing anything beyond providing 
statutory lectures by the medical officers, stopping pay or inflicting 
other punishment in order to keep the VD down. Eleven men spont- 
aneously suggested that more lectures would be appreciated. Three, 
however, felt that the medical officers’ lectures were too terrifying and 
only added anxiety to the disease once caught instead of preventing 
it. In the cases of only six men out of 100 was lack of mail or news 
from home blamed for their contracting VD. The investigation revealed 
three types of personality among those examined. The men of the 
first group (about 10 per cent.) regarded frequent intercourse as essential 
and seemed to be below the average in responsibility, initiative and 
intelligence. The second group consisted of about 40 per cent. who had 
arrived in India with no ideas of promiscuity but had after some time 
yielded to impulse. The third group consisted of men who thought 
that, out in India, an occasional woman was a natural relaxation but 
who had little or no intercourse in England. They were about 50 per cent. 
of the whole. Both the second and third groups seemed to be composed of 
average soldiers. The average length of service in India before the first 
contraction of VD was about 17-18 months. A number of men had 
caught VD from their first intercourse. In considering the attitude 
of the mind of these soldiers one is at once struck by a very significant 
paradox, which is that although there was a general attitude among all 
ranks that fornication in India was natural, in fact even those who caught 
VD had (on the average) waited over a year to fornicate. No satis- 
factory explanation can be given for such an attitude. Its origin, 
perhaps like many customs and traditions, is lost in mists of antiquity. 
eri in the past had needed regularised brothels. Human nature 

not changed anyhow for the better throughout the centuries and 


fornication must be expected. In judging the soldiers” attitude to- 


wards such problem the important point to realise is that men who get 
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VD are of two completely different types—(i) the habitual fornicator 
and (ii) the moderately decent minded man, who at home would not be 
promiscuous. Both classes have to be catered for in the army but the 
catering will be quite different for each. The investigation suggested 
that the first group was considerably smaller. The habitual fornicators 
—like chronic absentees, malingerers and neurotics will always manage 
to find their way into the army and the usual methods of prophylaxis 
and treatment would appear to meet their requirements. Such 
measures, however, are not on the whole very successful because the 
men of this group are not particularly responsible and are not inclined, 
after drinks and intercourse, to go to any early treatment centre. On 
the other hand, the moderately decent minded individuals are an 
entirely different proposition. To start with, it must be noted that 
these men were neither promiscuous in their habits, nor were they 
so for many months after their arrival in a new country. In the investi- 
gation mentioned such men formed 90 per cent. of those who got 
VD and, moreover, they were potentially more valuable soldiers. 
That such men should be continually exposed to conditions where fornica- 
tion was the inevitable result points out to a defect in the method of 
propaganda and the necessity for its reorientation. The end reached 
was diametrically opposed to the ideal and failed to produce the desired 
mental attitude among the soldiers. This was somewhat unfortunate. 
It was at times noticed that no cases of VD were reported in those 
units where the officers commanding had impressed upon the men that 
they were expected to be faithful to their ab8ent wives. The conclusion 
to which these facts lead to is that there is hope for spreading ideas of 
continence successfully among the soldiers and thus reducing the 
incidence of VD in the army by properly directed propaganda coupled 
with adequate facilities for sport, recreation and other social amenitics. 
Practical considerations would, however, require that one should still 
remain prepared for the worst and not neglect the materialistic aspect 
of the problem, i.e., prophylaxis and treatment. 


In April 1944, a conference was held at the Medical Directorate, 
GHO, to review the position with regard to the control of VD. It 
considered Tredgold’s report and, while admitting the need for investiga- 
ting a larger cross section of the army community from representative 
Indian and British units, agreed that the propaganda policy should be 
on the lines of the findings of the report. The conference advocated 
stress on the following points:— 


(i) It was the duty of every soldier to be continent. 


(ii) It was morally wrong to indulge in sexual intercourse. 


(iii) There is a strong probability of contracting VD in illicit intercourse 
and it is foolish to take this risk. 


(iv) Consideration should be given to the soldiers’ family (wife and 
children, etc.) at home. 


(v) If, however, a soldier is foolish enough to indulge in illicit inter- 
course, it is his duty to take all necessary precautions. 


Propaganda among soldiers on these lines was carried on through 
the press, radio, posters and cinema films. Medical officers gave 


719 PREVENTIVE MEDICINE 


lectures to troops about VD on gener ally approved lines. A film 
entitled Happiness Deferred was produced in 1945 under the direction 
of the Consultant Venereologist, GHQ, and widely exhibited among 
British troops. Another anti- VD propaganda film entitled Mitha Kahar 
(sweet poison) and suitable for exhibition among the Indian troops 
was also prepared in the same year and extensively distributed for 
exhibition. The conference was unanimously of the opinion that the 
incidence of VD among the British troops was in direct ratio to the 
length of their service in India or SEAC and considered that the 
maximum tour of duty abroad should not exceed four years and the 
soldiers concerned should be definitely assured of this. Perhaps this 
applies to other soldiers as well. 

In the same year, ic., 1944, an investigation was undertaken 
in the United Kingdom by Wittkower and Cowan (1944) to discover 
the motives underlying sexual promiscuity in the soldier. They 
investigated practically the same problem as Tredgold (1944) did in 
India. Their findings differ in some respect from Tredgold’s and it 
may be worth while considering them more fully. They made dis- 
tinction between promiscuity and extra-marital intercourse in their 
investigation, By promiscuity they meant sexual relationship of a 
transient nature but included all types of sexual relationship outside of 
marriage from semi-permanent liaison to transient promiscuity in the 
extra-marital sexual intercourse. 200 men suffering from VD 
and 86 patients suffering from impetigo were subjected to psychiatric 
examination with the following results :— 


| 
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l Immature Borderline Mature 
Diseases personality types personality 
types types 
VD P .. | 59 per cent. 30 per cent, | 11 per cent. 
Impetigo .. .. | 19 per cent. 19 per cent. | 62 per cent. 








From this it was concluded that soldiers suffering from VD 
were not a typical sample of army population as regards personality. 
Among the VD cases there was a preponderance of over-aggressive 
immature types and of unaggressive dependent personalities. Majority 
of them contracted VD as a result of true promiscuity. Of the individual 
precipitating factors in promiscuity the outstanding were service mal- 
adaptation (58 per cent.), drunkenness and home worries. 4°5 per 
cent. of the controls and 38°5 per cent. of the venereal cases were 
habitually promiscuous. 56 per cent. of the VD patients regarded the 
use of condoms as unnecessary for the reason that the consort looked 
respectable or said that she was clean; 17 per cent. had not used 
it because of its pleasure impairing effects. In 13 per cent. the sheath 
was not used because of drunkenness. Only 9°5 per cent. of the VD 
cases had adopted prophylactic measures such as condoms alone or 
condoms combined with early treatment. These investigators conclud- 
ed that acute emotional disturbance, which prompted promiscuity in 
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any case, could be reduced below the danger point by effective man 
management and by the provision of a certain type of recreational 
atmosphere. As promiscuity, which leads to VD infection, is seldom 
the result of positive mature sexual interest but rather the result of 
attempts to relieve acute psychological stresses neither punishment nor 
counsel is likely to effect the incidence of promiscuity. In their opinion 
more propaganda concerning the prophylaxis of VD was also not likely 
to increase promiscuity. They found that promiscuity led to VD 
more frequently than other types of extra-marital intercourse. They 
considered that the only procedure likely to lower the incidence of such 
promiscuity was wide general measures for dealing with the group of 
moral problems which also led to military inefficiency, recurrent absence 
and drunkenness. Outstanding among such measures was the provision 
of recreational facilities in which homely atmosphere was provided by 


a staff with whom acute personal difficulties could be discussed without 
embarrassment. 


PREVENTIVE ABLUTION ROOMS 


The different methods of prophylaxis adopted in the army for the 
prevention of VD may now be dealt with. The role of preventive 
ablution rooms in unit lines in the prevention of VD was considered 
by the conference held at the Medical Directorate, GHQ, to which 
a reference has already been made. It was the unanimous opinion 
that they were rarely used and had failed to serve any useful 
purpose. The disinfection of the soldier, who had been exposed to infec- 
tion, was carried out by means of a preliminary washing with soap and 
water or with perchloride of mercury solution 1:10,000, followed by 
irrigation of the urethra with potassium permanganate, (1:3,000) 
and the application of calomel ointment containing 334 per cent. calo- 
mel and O'l per cent. oxycyanide of mercury. The conference recom- 
mended the abolition of these unit preventive ablution rooms and their 
substitution by station preventive ablution centres which were to be of 
three types—Indian, British and combined. They were adopted all 
over and were common features of the area occupied by the troops in the 
SEAC in 1945. Irrigation of the urethra was forbidden and the method 
of prophylaxis followed in the station ablution centres was (i) thorough 
washing with soap and water, (ii) swabbing with perchloride of mercury 
solution, (iii) instillation of silver salts into the urethra and (iv) rubbing 
in of the calomel cream. The staff of the centre consisted of one special 
treatment orderly and one regimental orderly. Some interesting observa- 
tions were made by Officer (1941) in Hong Kong in 1939 in respect of 
the disinfection regime prevalent in the preventive ablution rooms 
there, and they may be mentioned as they suggested a much simpler 
method of prophylaxis. It was observed in Hong Kong that the failure 
rate, with usual methods was 12°42 per cent. among the 1,288 disinfections 
carried out. The instillation of 2:5 per cent. protargol solution was then 
substituted for irrigation and the failure rate fell down to 1:04 per cent. 
in 1,918 cases observed. This treatment was, however, painful and 
the number of men applying for it declined considerably. In 1940, 
protargol injections were, therefore, stopped and the whole procedure 
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was simplified to external swabbing with perchloride of mercury 
(1:10,000) followed by micturition in gushes and the application of 
calomel ointment. The result was about the same in respect of failures 
as with the protargol method, the rate of failure in both cases being 


3°85 per cent. 
CONDOMS OR SHEATHS 


The use of condoms or sheaths, alone or in combination with other 
methods, has long been advocated for the prevention of VD, but they have 
their limitations. The main reason for failure was the reluctance on the 
part of men to use them because of their pleasure impairing effects. The 
frequently drunken state in which the men visited the prostitutes rendered 
their proper use impracticable. The condoms were very unpopular 
with the Indian troops, and although they were taken when going out 
yet they lay unused in their pockets. That they could prevent VD, 
if properly used and supplemented by calomel ointment applications, 
was not much in dispute. For this reason they could not be excluded 
from the list of measures employed in fighting these diseases, and by the 
middle of May 1944, arrangements had been made for the free issue of 
1,25,000 sheaths per month among the troops in the India Command 
and the SEAC. j 


EARLY TREATMENT PACKETS 


It was felt throughout that a simple type of disinfectant outfit 
which could be carried by the soldier and used after exposure, without 
having to go to the preventive ablution rooms, would be more useful, 
Old early treatment packets, which were considered unreliable, were 
discarded and the American type of early treatment packets introduced 
(Pelzman and Still, 1943). They consisted of the following: (i) a 
washing cloth impregnated with soap, (ii) a metal tube containing 
0:25 per cent. silver nitrate jelly, (111) a metal tube containing mercurous 
chloride ointment, and (iv) a penile bag for the protection of clothing. 
These were free issues to any soldier who wanted them and had to be 
used before and after intercourse. 


EVALUATION OF THE VARIOUS METHODS OF PROPHYLAXIS 


As already pointed out, condoms had their limitations. Many 
experienced medical officers were of the opinion that a thorough washing 
with soap and water in reasonable time was effective as a preventive. 
Which of the ingredients in the complicated ritual of prophylaxis 
was the effective one is difficult to determine. Was it the urination 
or washing with soap and water or the application of calomel oint- 
ment or the urethral injection of silver salt? In respect of the relative 
merits of packets (self ) and station disinfection, the former on account 
of its universal applicability was becoming more popular and may become 
= sheet-anchor of future prophylaxis programme. Regardless of 
the method adopted, the need for the thorough training of men in the 
application of prophylactic measures was only too obvious. Under 
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the emotional stress of war there were large numbers of men, who were 
prepared to expose themselves to the risks of venereal infection, in spite 
of all the moral preachings and the somewhat gruesome pictures painted 
about the consequences of venereal infection. Rao (1946), who was 
the adviser in venereology in ALFSEA, noted that in spite of the adop- 
tion of the various preventive measures the incidence of VDin ALFSEA 
had not gone down materially, He considered this to be due to lack of 
knowledge or poor knowledge of the use of condoms, non-availability 
of early treatment packets and ignorance about the location of preventive 
ablution centres on the part of a large number of troops. 


The success or failure of measures for the control of VD depends 
upon the vigour and effectiveness with which a commander can apply 
them. That VD can be controlled has been demonstrated many a 
time. One or two examples may be given here. Following the Spanish- 
American war of 1898, and then the Philippine insurrection of 1901, 
remarkably high rates ranging from 160 to 180 per 1,000 prevailed in 
the United States Army from 1900 to 1910 (Reynolds, 1940). In 
1909, a vigorous campaign of education, bi-monthly physical examinations 
and chemical prophylaxis was instituted. In four years the rate had 
fallen down to 85. During World War I, while the VD rate in USA 
was 127:35, it was only 34:33 in the American Expeditionary Force 
in France. The measures adopted in the Expeditionary Force 
were education in sex hygiene, prophylaxis, physical examination, sup- 
pression of prostitution, reporting sources of infection and dispensary 
treatment of civilian population, enforcement of laws relating to alcoholic 
liquors, and treatment of venereal cases at the front. Company 
officers were held responsible for controlling VD and this holds good 
even today. Lieberman (1943) described the methods which he found 
effective in reducing the incidence of VD in service men in the United 
States Army. The measures adopted were somewhat on similar lines. 
Dealing with prophylaxis he mentioned that the failure rate in 5,00,000 


troops in the first half of 1942 was only 0°63 per cent. of prophylactic 
treatment. 


SULPHA GROUP OF DRUGS IN VD PROPHYLAXIS 


The advent of sulpha group of drugs before the outbreak of war 
had revolutionised the treatment of gonorrhoea. The military impor- 
tance of these drugs lay in the fact that their use resulted in a remarkable 
shortening of the period of hospitalisation. Early in 1940, a trial was 
made in India in preventing gonorrhoea and soft chancre by means of 
prophylactic administration of M € B 693. Owing to the need for 
conserving the drug on account of the war, this had to be discontinued 
before enough data had been obtained to enable conclusions to be drawn. 
In the USA considerable work was done on this subject to which reference 
may now be made. Kline and Ryan (1942) and Loveless and Denton 
(1943) pointed out that gonorrhoea can be prevented after exposure to 
infection if the person concerned took sulphathiazole as soon as possible 
after exposure on the same day and throughout the next day. Kaufman 
and Litterer (1944 and 1945) found that the application of an ointment 
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containing 16 per cent. sulphathiazole and 33 per cent. calomel 
among the 10,000 treatments prevented gonorrhoea in all but ten. 
Routine disinfection by the usual methods after exposure to infection is 
effective if applied promptly. Delay reduces the efficacy of such treat- 
ment. 

Keet (1944) gave 1 g. of sulphathiazole orally, in addition to 
local application, to naval ratings returning from shore leave. There 
was complete absence of chancroid in 1,802 men who took sulphathiazole. 
The incidence of gonorrhoea in the sulphathiazole group was 1 in 120 
exposures as compared with 1 in 39 exposures in the control group. Both 
in the trial and control groups other prophylactic measures were in 
force such as prophylactic tubes either alone or in combination, and only 
a small number used neither. 


SULPHA-RESISTANT STRAINS OF GONOCOCCI 


The insufficient dosage of sulpha drugs, and in some cases even 
adequate dosage in treatment began to produce strains of gonoccoci 
resistant to these drugs. It was noticed that in the Middle East and 
parts of North Africa the success rate with sulphonamide treatment was 
in line with that observed in the United Kingdom, but in Italy only 
25 per cent. of the cases could be cured by a single course of 25-30 g; 
all types of sulphonamides giving equally disappointing results (Bell, 
1945). Local complications like prostatitis were also common. The 
southern Italian strain of gonococci was considered to be particularly 
virulent and the local doctors thought that this was due to the swift spread 
of disease through the hitherto uninfected section of the community 
during the German occupation in 1944. The conditions of semi-starva- 
tion in fact drove many a woman to the streets. Under-nourishment 
and inadequate chemotherapy due to shortage of sulpha drugs were 
probably more important factors as gonorrhoea had been common 
enough in the sea-port towns of southern Italy for many generations. 
Fortunately 98 per cent. of the sulpha-resistant gonococcal infections 
were easily curable by penicillin.* 


_ 4 After the war was over the subject of control of VD was taken over afresh at the Medical 
Directorate of Army Headquarters by the Senior Specialist in venereology under the guidance 
of Director of Research and Hygiene and a study has been made on about 10,000 cases of fresh 
syphilis from psychiatric and socio-economic aspect. In this study the possible effect on the 
problem of contraction of VD by length of service, age group, sources of infection, marital 
inps family life, educational data, service details, leave, status, family worries, sex urge, 

: ED eee. of others, taking the risk, sex connection as a healthy habit, previous contrac- 
tion o liana. lecture on VD, spontaneous or pre-planned inducement, prophylaxis of different 
ES a ours of work, nature of work, availability of games and recreational facilities, civil status 

out rural or urban life, and previous civil earning status—all have been studied with 


very important deductions which È ward _— 
time of World War 11 (Hanerjes And Narain, 1950), the old preconceived ideas during the 
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CHAPTER XXXV 


Yellow Fever 


No case of yellow fever has so far been recorded in India either 
in the army or the civil population. This has not been due to the posses- 
sion of any immunity either natural or acquired or to the absence of condi- 
tions favourable for its transmission. On the other hand the people 
of the country provide what may be called a virgin soil for the implanta- 
tion of yellow fever, and the carrier mosquitoes (Aedes aegypti) abound 
in India. The yellow fever belt in Africa, extending from the west 
to east, lies to the north and south of the equator for a varying distance, 
the affected regions being confined mainly between 15% North and 
10° South. During the war, there was not only considerable acceleration 
of the aerial traffic but also increase of military personnel travelling 
between India and Africa. Thus the possibility of the introduction 
of the disease into the country from endemic areas by aerial route through 
infected mosquitoes or unsuspected human cases travelling during the 
incubation stage had considerably increased. That no such spread took 
place was a tribute to the efficiency with which preventive methods were 
adopted. 


RECOMMENDATIONS OF THE INTER-DEPARTMENTAL COMMITTEE FOR CO- 
ORDINATING YELLOW FEVER CONTROL MEASURES 


In 1940, an epidemic of yellow fever involving some 16,000 persons 
with 1,600 deaths occurred in the Kordofan Province of the Anglo- 
Egyptian Sudan (Kirk, 1941). In Africa, there were certain regions 
formerly known as ‘silent areas’ where the existence of yellow fever 
was recognised by immunity tests, but better opportunities for clinical 
observation and performance of post-mortem examinations have result- 
ed in the discovery of typical cases of yellow fever in the so-called 
“silent foci’. Prior to the summer of 1940, the co-ordination of yellow 
fever control along aerial routes was vested in the Office Internationale 
d'Hygiene Publique in Paris. The war brought about the dislocation 
of the activities of this central body and the extension of the theatre of 
war together with the opening up of new routes of communication creat- 
ed new problems. The Secretary of State for Colonies in the United 
Kingdom had been throughout alive to these difficulties and as a result 
of the representation made by the Secretary of State for War of the 
conditions that were developing in relation to army movements, an inter- 
departmental committee was set up representing the various interests 
involved such as the Admiralty, War Office, Colonial Office, the Domi- 
nion Office, the Ministry of Health and the Governments of the Union 
of South Africa and Southern Rhodesia. This committee co-ordinated 
action on the control of yellow fever between all the departments 
concerned including the services (Colonial Office, 1941). 


YELLOW FEVER 719 


As the recommendations of this committee mutatis mutandis formed 
the basis of the rules for the control of yellow fever in various countries 
these will be considered in some detail. The committee was convinced 
that unless adequate precautions were taken the war was likely to 


increase the danger of the spread of yellow fever to non-endemic areas 


and emphasised certain important measures on which reliance was to be 
placed for preventing the spread of yellow fever. These included the early 
detection and correct diagnosis of the cases and their isolation, the 
inoculation against yellow fever of all travellers within and passing 
through endemic areas and effective quarantine measures with the provi- 
sion of adequate screened accommodation for non-immunised persons. 
It recommended also that all aircraft moving within and through 
endemic areas were to be effectively disinsectised and control measures 
against Aedes and other potential carriers were to be instituted in the ` 


vicinity of aerodromes together with special measures in respect of the 
aerodromes themselves. 


In order to avoid ambiguity, the committee considered it necessary 
to define endemic areas. A region, in which yellow fever had existed 
during the last 15 years in a form recognisable clinically, biologically 
or pathologically, was classed as an endemic area, and for purpose of 
quarantine the following boundaries of endemic area were recommend- 
ed for acceptance (Colonial Office, 1942). 


From the mouth of the river Senegal along that river eastward to the 
15° North parallel of latitude, thence eastward along that parailel to 
the eastern border of the Anglo-Egyptian Sudan, thence southward along 
the border to the 36° East meridian of longitude at lake Rudolf, thence 
southward along this meridian to the 0°5° North parallel of latitude, 
thence westward to the eastern border of the Uganda Protectorate, and 
thence along this and southern border of the last named territory, and 
the eastern border of the Belgian Congo to the 10° South parallel of 
latitude, thence westward along that parallel to the west coast of Africa; 
thence northward along the west coast of Africa to the mouth of the 
river Senegal, including the islands in the Gulf of Guinea.’ 


The evidence produced before the committee showed that there 
was growing laxity in the disinsectisation of the aircraft,? and it was 
necessary to stress that as a minimum precaution, the destruction of mos- 
quitoes should be carried out on the departure of the aircraft from the 
last airport in the endemic area and on its arrival at the first airport 
of call in the non-endemic area. The committee also considered that 
disinsectisation carried out with simple type of flit gun was not 


1 The present control measures differ from those prevalent during World War II and are 
based on the International Sanitary Regulations (World Health Organisation). ‘The Govern- 
ment of India have got reservations in respect of the International Sanitary Regulations, viz., 
(i) quarantine period nine days instead of six days (ii) validity of certificate begins after twelve 
days when a person is inoculated in yellow fever endemic area or if he enters such area within 
first ten days of inoculation and (iii) Government of India delineation of yellow fever infected 
area is wider than the W.H.O. delineated area. (For further details see Health Requirements in 
Respect of International Travellers issued by Ministry of Health, Government of India, reproduced 

endix XVI, e 
al OE uate India recognises disinsectisation done by certain health authorities only. 
See Annexure HI, 
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sufficiently effective as the atomisation of the fluid was not complete 
and penetration inadequate and that a hand-spray connected by a 
flexible tube to a supply of air under pressure should be used whenever 
possible. 


Among the special measures recommended in respect of aerodromes 
was inspection of all aerodromes in British territories lying between 
latitude 14° North on the one hand and Tanganyika territory on the 
other by an officer to be appointed by the Secretary of State for the 
Colonies. Where it was unavoidable the committee saw no objection 
to the guards and their dependent being housed within the boundaries 
of anti-amaril aerodromes provided they were inoculated against 
yellow fever, but it was against casual labourers being housed within this 
area under any circumstances. 


The committee also recommended that persons arriving in a non- 
endemic area from the endemic zone without valid inoculation certificates 
should be quarantined in properly screened quarters until six days had 
elapsed from the date of leaving the endemic area, but those in posses- 
sion of valid inoculation certificates could proceed on their journey with- 
out being detained. In the case of arrival of persons who had been 
inoculated against yellow fever during the course of their residence in the 
endemic area, or of persons who though previously inoculated, had 
passed through the endemic zone, the committee recommended the 
following procedure :— 


(i) They were to be quarantined in properly screened quarters until 
six days had elapsed from the date of leaving the endemic area 
if they arrived before the expiry of nine days from the date 
of inoculation. 

(ii) If they arrived after the expiry of nine days but before the expiry 
of 15 days from the date of inoculation, they were to be quarantin- 
ño in properly screened accommodation for the balance of 15 
ays. 
(ii) If they arrived after the expiry of 15 days from the date of 


inoculation, they were allowed to proceed without any quaran- 
tine. 


The 15 days period was calculated on the basis of the selection 
of the ninth day after inoculation as the last day on which an inoculated 
person could acquire yellow fever infection in the endemic area and on 


the need for six days observation following this to cover the incubation 
period of the disease. 


These principles in general governed the procedure adopted for 
k the entry into India of persons arriving from yellow fever 
Nd ' oat ee who had been to a declared yellow fever zone was 
> er : e eonig, unless he could produce satisfactory evidence 
aoe protected against yellow fever by a previous attack? of the 

€ Or was in possession of a certificate from a competent authority 

3Present International Sanitary 


or Indian Aircraft (Public Health) Redes doce Government of India Port Health Rules 


R : r ; 
said to have been protected by eas Fi ee Tee b certificate issued to a person 
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showing that he had been inoculated against yellow fever not less than 
ten days and not more than two years* before entering the endemic 
area. If the individual arriving in India from the infected zone had not 
been inoculated against yellow fever before his entry into the endemic 
area, the period elapsing between the dates of inoculation and entry 
was 19 days. It is obvious that these restrictions provided reasonable 
safeguards against the introduction of yellow fever into India by persons 
using the aerial route. In the case of those arriving by land or sea if 
a period of nine days had elapsed between the dates of leaving the yellow 
fever area and arrival in India the person was allowed entry without 
any further formality, provided of course, that he showed no evidence of 
the disease; in case the interval was less the person was quarantined for 
the balance of the required period by which time it could be deter- 
mined whether he was free from infection or not.® 


An aircraft starting from or alighting in a yellow fever area was 
not allowed to enter India unless, subsequent to such starting or alighting, 
a certificate of disinsectisation had been obtained from the Director 
General of the Egyptian Quarantine Administration or from the DMS 
of the Anglo-Egyptian Sudan or from an officer authorised by any of 
these directors in this behalf, stating that the aircraft, after starting 
or alighting in the yellow fever infected area and before arriving in 
India, had been disinsectised with Pyrocide 20. If the aircraft arrived 
without such a certificate, it was disinsectised on arrival in India and all 
persons on board, other than those who had been protected against 
yellow fever either by a previous attack or satisfactory inoculation, were 
subject to isolation for a period not exceeding nine days from the time 
of the arrival of the aircraft. 


IMMUNISATION 


For protection against yellow fever, a vaccine containing living 
attenuated strains of the virus was used in India. The virus (pantropic 
attenuated virus 17D) was desiccated and kept in vacuumised ampoules 
and could retain full potency if stored continuously at a temperature 
not above the freezing point (0° C.). During transportation, therefore, 
special precautions were necessary to ensure low temperature storage. 
Just before use, the vaccine was reconstituted by the addition of the 
requisite amount of cold sterile salt solution, so as to produce | in 10 
dilution. Before drawing in the vaccine it was essential to cool the needle 
and syringe, and any vaccine not used within half an hour of reconstitu- 
tion was discarded. The vaccine was administered in a single dose of 
05 cc. There was hardly any reaction and only in 5 per cent. of 
the cases slight headache and malaise was noticed some five to eight 


4 Now it is six years from 10/12 day of inoculation. If repeated within six years it continues 

to be valid from the date of issue for another six years. | f 
Ñ 5 At present all aircraft arriving from West are required (obligatory) to land at Bombay 

Airport (Santacruz) and will not proceed further east without health clearance and disinsectisa- 
tion. id * * « . 

6P arriving by sea and not in possession of valid certificate of vaccination are now 
AEEA meL for nine Anta since leaving yellow fever infected area. All ships touching yellow 
fever infected ports must touch at Bombay port, Cochin harbour, Madras port, Visakhapatnam 
or Calcutta (i.e., major ports) prior to calling at any minor Indian port, 
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days after the inoculation. In India, the stocks of yellow fever vaccine 
were maintained and the inoculation of military personnel was carried 
out at the following institutes: 


Central Research Institute, Kasauli. 

Provincial Public Health Laboratory, New Delhi. 

King Institute, Guindy, Madras. 

Haffkine Institute, Bombay. 

All India Institute of Hygiene and Public Health, Calcutta. 
Office of the Port Health Officer, Airport, Karachi. 


In order to avoid unnecessary inconvenience and delay, all 
military personnel who had to undertake journeys to endemic areas 
or to pass through them were required to be in possession of valid 
inoculation certificates showing the date of inoculation, rank, corps 
and designation of the issuing authority. Troops proceeding on duty 
to actively or potentially endemic areas were also immunised. The 
immunity was reported to last at least four years. 


OTHER PREVENTIVE MEASURES 


If any military personnel’ was suspected to be suffering from yellow 
fever there were standing instructions for his immediate admission to a 
hospital where he could be treated in a special ward, which was already 
mosquito-proofed or capable of being rendered mosquito-proof without 
any difficulty or delay. Pending the completion of such arrangements, 
the patient was to be kept constantly under a mosquito-net. Yellow 
fever diagnosis units were available in India to confirm the clinical 
diagnosis, and pending the arrival of one of these units the instructions 
were to draw out 10 cc. of blood from the patient and to keep it in cold 
storage. Ifthe case proved fatal a specimen of the liver was to be remov- 
ed either at an autopsy or by a viscerotome and a portion kept in formol- 
saline and another portion in Zenker’s solution. Persons doing this 
work were warned to take all necessary precautions to prevent blood, 
serum, etc., from coming in contact with the unprotected skin in order 
to avoid the risk of contracting the disease. 
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CHAPTER XXXVI 
Health of the Industrial Worker 


By 
Dr. M. N. Gupta, 


Deputy Chief Adviser Factories (Medical) 
Ministry of Labour and Employment. 


In terms of industry what are the requirements of the war sector? 
How much of the nation's manpower will it require? All sorts of 
estimates have been made of the number of workers required to keep 
one soldier in the field. The American military authorities, on the 
basis of their experience in the last war, have estimated that it needs 
17 men in the factories to keep one soldier at the front. 


India at the outset of the war was unprepared for the unprecedented 
emergency. In determining the nature of the impact in India of a total 
war and in assessing the effort made by the country one must keep in 
mind all the drawbacks of an undeveloped economy, the difficulty of the 
mobilisation of men and resources, the dearth of skilled personnel, the 
unfavourable balance of trade, low agricultural and industrial production, 
a very low standard of living, widespread illiteracy and inadequate and 
poor development of health services. 


Victory in this war depended a great deal upon scientific research, 
technical development and production. India produced varied kinds 
of supplies to support the armed forces at the front. For victory, there 
must be an ample supply of workers, both men and women, who are 
physically and mentally capable of increasing production to the maxi- 
mum level possible and sustaining that level. In the interest of these 
workers, representatives of government, industry, medicine and public 
health should all be interested to stimulate the development in industry 
of such procedures, practices and precautions as are believed to contri- 
bute to that purpose. 


THE PROBLEM 


World War II, aggravated certain peace-time problems of health. 
It brought into relief the problem of housing, water supply, nutrition, 
transport, clothing, epidemic diseases and environmental health services. 
For the most part it did not bring any satisfactory solutions, which 
might have well laid the foundation for development in the post-war 
era, of the lessons in health learned under the stress of war. 


LABOUR FORCE 


Factory Labour: According to 1931 census the estimated number 
of persons engaged in industry in British India was about 12°5 millions. 


Of these 1'4 millions were factory labourers and the great majority 
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e either employed as regular labourers in small industrial 
mena which did a come under the Factories Act or were 
independent craftsmen. The average daily number of workers employ- 
ed in factories during 1939 to 1945 is given in Tables 1 and II. 


TABLE 1 


; daily number of workers employed in factories (covered by the Factories 
ii de” 1934)—1939 to 1945. 


i 











Year British India | Indian States 

9 Ez eK 1,791,131 299,094 
1020 ds DR 1,844,428 | NA 
1941 eS ei 2,136,377 NA 
1942 bi R 2,282,288 NA 
1943 mpr wa 2,436,312 NA 
1944 a am 2,522,733 562,399 
1945 E ie 2,642,977 $ NA 


¡_ MD 


NA=Not available. 
TABLE [I 


Average daily number (in 1,000) of workers employed in industrial establishments 
in British India subject to the Indian Factories Act —1939 and 1945. 


nt re ee r 


Industry | 1939 : 1945 

Central, provincial and municipal government | | 

establishments : | | 
Clothing 5% ki | 2 | 22 
Railway Workshops 56 | 116 
Ordnance Factories | T 30 | 185 

- Private establishments : 
Textiles .. .. | 819 1,014 
Engineering t% “+ | 159 314 
Minerals and metals sa l 55 125 
Food, drinks and tobacco | 247 309 
Chemicals and dyes.. ua 57 101 
Paper and printing .. + | 36 72 
Wood, stone and glass se | 53 106 
Hides and skin a qe 12 36 
Gins and presses .. sa 103 129 
Miscellaneous y ón 36 107 





ent 





— ny 





An increase in employment of all factories by 50°9 per cent. 
over the 1939 level is recorded. Most of this was due to increase in the 
government and local fund factories. These factories accounted for about 
is cent. of the total employment and recorded an increase of 

> Per cent. above the 1939 level. During the same period cotton 
mills registered an increase of 34-6 per cent., jute mills of 4'3 per cent., 
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woollen mills 114 per cent., engineering industry 26-9 per cent. and 
minerals and metals industry 127-5 per cent. : 


_ Tn the regional distribution Bengal occupied the first place, Bombay 
being the second as shown in Table III. 


TABLE III 


Average daily number of workers in Bengal and Bombay—1939 to 1945. 








Province | 1939 | 1940 | 1941 | 1942 | 1943 | 1944 1945 
Bengal | 5,71,539| 5,93,425| 6,48,711) 6,72,721 6,95,043| 7,08,641| 7,44,418 
Bombay | 4,06,040) 4,80,604; 6,11,943| 6,51,375 711,525 7,36,464| 7,335,774 














The distribution of the workers in major industries in 1945 was as 
follows :— 


Textile mills T T .. 10 lakhs 
Engineering, minerals and metals .. 4 lakhs 
Food, drinks and tobacco An .. 3 lakhs 
Gins and presses me 6 .. 1-3 lakhs 
Chemicals and dyes he a» 1 lakh 

Stone and glass xi es .. 1 lakh 

Others... ae 5 .. 6-2 lakhs 


Mines: In 1945, of the total workers in mines, Bihar accounted 
for 63°4 per cent. while Bengal, Central Provinces and Berar accounted 
for nearly 28 per cent. 


The average daily number of workers in mines during 1939 to 1945. 
was as follows:— 


TABLE IV 


Average daily number of workers in mines—1939 to 1945. 














Year Number 
1939 E de | 3,05,344 
1940 a .. | 3,28,196 
1941 a .. | 3,47,937 
1942 T 3,357,046 
1943 sa 3,49,301 
1944 a: .. | 3,64,948 
1945 Ñ 3 | 3,86,290 


E EE ITT ES OTT 


Plantations: The bulk of workers employed in plantations resided 
in estates, though village labour is employed in many cases. | 
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TABLE V 
Number of workers employed in plantations—1939, 1942 and 1945. 


i TA AAA. AAA. TS, Oe 

















Year Tea Coffee Rubber Total 
1939 .. CL 9,295,237 98,570 32,947 | 1,056,754 
1942 |. "| 926461 1,62,493 46,887 1,135,841 
1945 |. Lo 874753 | 1,551,832 43,931 | 1,070,516 





Railways: The increase in number of persons in railways showed 
a continuous rise from 1939 to 1945. 


TABLE Vi 


Number of persons employed in class 1 railways including railway workshops— 
1938 to 1945. 


Year Number 
1938-39 Pe ae 6,41,099 
1939-40 5d .. |’ 6,45,523 
194] sa i 6,66,069 
1942 Es i 6,93,493 
1943 ane is 7,62,612 
1944 ni .. | 8,23,600 
1945 ci > 9,03,892 


Post and Telegraphs: Figures of workers employed in Post and 
Telegraphs for the war period are not available. Their number in 
1947 was 85,207. 

Other Establishments: As a result of sample surveys carried out in 
far the numbers of workers recorded in other establishments were 
as follows:— 


Taste VII 
Number of persons employed in various establishments—\944. 





os 





Establishments Number 
Principal ports T 71,000 
Tramways “a ša 15,000 
Bus service E dde 90,000 
Municipalities (7 only)  .. 57,000 
Central Public Works 

Department .. X 1,24,000 


Rickshaw pullers (Madras, 
Calcutta and Simla) p 41,090 
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wW - 
LABOUR FORCE IN MILITARY EMPLOY 


i Ordnance and Clothing Factories: Large government factories exist 
in India for the specific purpose of manufacturing lethal stores, 
harness and saddlery, general stores and clothing for the armed forces. 
The Indian ordnance factories have taken a very important part in these 
activities. These factories produced a variety of stores and equipment 
and employed labour in the manufacture of cordite, rifies, guns and 
shells, gun carriage, ammunition, harness and saddlery, clothing, 


wool, metal and steel. Employment figures for the war years are as 
follows :— 


Taste VIIT 


Number of persons employed in ordnance and clothing factories—1939 to 1945. 








Year | Number 

1 September1939 sa 15,017 

31 December 1940 iy 42,189 
3t December 1941 pä 61,076 

' 31 December 1942 ns | 85,937 
31 December 1943 - 82,524 
31 December 1944 ai 98,836 
31 December 1945 od 51,540 








oo 


The labour strength of the ordnance factories thus increased 
by 600 per cent. in 1945. In 1944 the largest increase in employment 
over the 1939 figure, among government owned factories, was recorded 
by clothing establishments (+1,150 per cent.), ordnance (+409 per 
cent.), railway workshops (+100°5 per cent.). 


Labour Units: The war also caused a rise in the demand for unskill- 
ed labour. There was no absolute shortage but local shortages in places 
where defence works were carried out did exist because of (1) lack of 
mobility from surplus to scarcity areas, (ii) diversity of habits and cus- 
toms, and (iii) general rigidity of rural community. 


A Directorate of unskilled labour supply was formed and a system 
of labour depots was instituted. A basic unit of 500 to 800 workers 
was administered by a commander. This unit was subdivided into 
groups of persons under a leader. These units were accompanied 
by medical officers and sent for such work as coal mining or construction 
of roads, strategic railways and air-fields. 


The Gorakhpur Depot was established in 1942, and by May 
1944 had supplied 66,699 workers. Figures for other labour depots 
are not available. 


State Labour Force: Labour units were provided by the states for the 
construction of roads and aerodromes in all parts of India. 
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Civil Pioneer Force: Most provincial governments supplied labour 
for the Civil Pioneer Force. A scheme for the raising of a force of organis- 
ed and disciplined labour to meet the possible emergencies caused by the 
dislocation of labour in any particular locality as a result of hostile 
action was launched under the Civil Pioneer Force Ordinance 1942 in 
March of the same year. The units were raised by the provinces them- 
selves. In July 1942, the Labour Department was asked to raise units 
of the Force specifically for employment under the War Department. 
Thus there was the change of role, from that of being a reserve of labour 
for purely civil emergencies to that of employment under the War 
, Department on purely military projects. For all purposes these units 
were brought on equal footing with army units. By the end of the war 
there were about 30 units and 8 depot units utilising the services of 
about 40,000 men. 

The Indian Pioneer Corps: The Indian Pioneer Corps, described 
as ‘unsung heroes of the war’ in 1939-45, numbered 2,59,631 men. 
The classes represented included Madrasis, Bengalis, men from Bombay 
and the Central Provinces, Biharis, United Provinces Chamars, Punjabis, 
Sikhs, Rajputs, Shilpkars, Dhotiyalis, Garhwalis, Kumaons, Sindhi- 
mussalmans and Gorkhas. 

No matter what the weather and how long the job the Pioneers 
continued the task of building roads and air-fields, laying railway 
lines, clearing jungles and carrying supplies to the front line troops. 
In Assam they were engaged on the construction of railways, roads and 
air-strips. They were the men who pushed the Calcutta-China pipeline 
through jungles and over streams and gorges, defying-rain, disease and 
other hardships. In Italy, they got the supplies through to the forward 
troops often in trying conditions and under fire. They were largely 
responsible for much of the road building that helped the Allied forces 
to victory. They were employed in depots all over India. “They 
handled coal and loaded ships at her ports and constructed airtrooping 
and air supply centres. They laid cross-country cables and were engag- 
ed in constructional work of all kinds in bases and on open-cut coal 
mining in Bengal. 

Lieutenant-General Sir Oliver Leese, Commander-in-Chief, 
ALFSEA, commenting on their great devotion to duty wrote to the 
Director of Pioneer and Labour, ALFSEA:— 


* The work of the Indian Pioneer Corps during our operations in Burma 
has been first class in making roads, building aerodromes, working 
in our operational ports and depots and in helping to develop our 
signal communication, the Indian Pioneer Corps have played a 
valuable role in this campaign. 1 have seen Pioneers working 
Cheerfully under fire, portering the wounded and working long 
hours in handling heavy quantities of supplies, ammunition and other 


war materials. They have shown great devotion to duty at 
all times’. 


Mr. Churchill, war-time British Prime Minister, referring to the 
work of the Pioneers in the port of Benghazi, has very well epitomised 
their role in history in the following words :— 
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‘Pioneers are loading and unloading history ?. 


Tea Plantation Labour: The spectacular achievements in the building 
of new roads on the eastern frontier by engineers involved large construc- 
tional works on which both the Military Engineering Service (MES) 
and a large force of tea plantation labour, peak numbering about 


1,20,000, was utilised. They also helped the military in building camps 
and evacuating refugees. 


Military Engineering Service: The carrying out of the Chatfield plan 
introduced many civil engineering works, including complete water 
supply schemes, extension of electric power supply installations and buil- 
ding of railways and roads. Then there were ordnance factory expansion 
projects. During the fourth year of the war India’s plans for expansion 
of armaments production were distributed over five phases: 


(1) The Chatheld Plan. 
(ii) The Post-Chatfield Plan. 
(ni) The Eastern Group Plan. 
(iv) The Transplantation Plan. 
(v) Ordnance Factory Expansion Projects. 


The implementation of these projects necessitated large civil 
engineering works at many of the sites. These included sewage dis- 
posal installations and drainage schemes; in addition, large housing 
estates were required to be constructed for the housing of staff and 


workmen with connected amenities such as hospitals, dispensaries, 
bazars, etc. 


All these required a large staff of engineering personnel who were 
helped by the MES workers. The strength of the Corps of Indian 
Engineers in 1943-1944 (not including the Transportation and Survey 
Branches) was about 1,40,000 men. The regular establishment of MES 
at the time included 875 officers and 2,770 men. The MES 
employed a number of temporary personnel and a large labour force. 


Taste IX 
Labour force employed by the MES before and during World War II. 
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Locality Before World During 
| War Il World War II 
Southern Command e | 26,000 4,73,000 
Principal towns in Southern 
Command | 
Bombay á 2 725 17,150 
Madras pe 125 1,000 
Bangalore... e 140 4,580 
Jubbulpore sts 400 20,000 
Secunderabad bd 600 10,000 


ne 
(Note:—For other places no statistical data are available.) 
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Contract Labour: In 1941-42, the clothing factories had linked 
with them a large number of tailoring centres employing 30,000 men, 
Five branches of the harness and saddlery factories, which were the 
headquarters of leather manufacture, had 700 contractors employing 
about 34,000 men. 

In 1942-43, the approach of the war to the shores of India made 
a demand on the shipyards. The provision of sufficient supply of labour 
was an important consideration. Dilution of existing labour was 
carried out to the limit and evacuee labour was rapidly absorbed. The 
total number of men employed in the industry at the end of the fourth 
year of war was about 50,000. 

The entire woollen industry was being used for war production, 
while silk parachutes were being produced in Bengal, Madras and 
Mysore. There were nine clothing factories linked with a large number 
of tailoring contractors employing about 1,00,000 men in all, 


The fifth year of the war saw the final stages of the great eastern 
road schemes into Burma. Thousands of soldiers and many thousands 
of coolies (Nagas, Manipuris, etc.) worked day and night to open 
new supply lines. 


CIVILIAN EFFORT IN PRODUCTION 


Behind the front lines another army, that of civilians, was labouring 
during the six years of war. Very little publicity came the way of these 
workers numbering only a handful when the war broke out, but more 
than three-fourths of a million strong in 1945. By their effort they 
made India the arsenal of the east, and thus played a vital part in the 
war effort. i 


Cottage Industry Worker: As part of the war effort the various provin- 
cial governments established production, on the cottage industry 
basis, of a number of such things as ambulance stretchers, horn and 
bone buttons, hair combs, etc. 


Considerable success was achieved in expanding industries connect- 
ed with the manufacture of brushware, enamel ware, crockery, cutlery, 
paper, cardboard products, glass and glassware, wooden whistles, safety 
razor holders, laminated board containers for supplying rations, boot- 
polish, mustard and cashew nut oils, tommy cookers, etc. and this requir- 
ed an ever-increasing demand for labour. 


EFFECTS OF WAR ON THE LIFE OF THE INDUSTRIAL WORKER 


No picture of the health of the industrial worker would be complete 
without first outlining the effects of war on the life of the industrial worker. 
One inevitable repercussion of the enormous expansion of currency 
and credit is on the price structure of the country and the standard of 
living of the masses. To meet the increased cost of living the workers 
were granted a dearness allowance. But the quantum of relief was 
meagre and not uniform. Cash allowances and food grain concessions did 
not go very far. The full employment was temporary, and at the 
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end of the hostilities in 1945, unemployment created a major problem. 
In controlled industries (iron and steel, cement, coal, paper, silk 
wool and mica) the workers were not given higher wages and higher 
dearness allowance. Ordinances which allowed incréase of working 
hours in factories, led to overtime work, done during the hours of fatigue. 
Factory inspections were few and infrequent and management could 
take no steps to make improvements in the working environments. 
Commandeering of certain mills and warehouses caused congestion and 
overcrowding in factories. The growth of industry synchronised with 
the growth of slums. The worker in the field was turned into a slum- 
dweller. Housing situation became shocking. It has been estimated 
that in 1944, 74 per cent. of the population of Bombay and 66 per cent. 
of that of Kanpur lived in one-room tenements. Temporary accom- 
modation had also to be provided for the members of the armed 
forces. This, coupled with the movement of the population from rural 
to urban areas, necessitated and encouraged by war-time conditions, 
brought about an unparalleled shortage of housing accommodation in 
most of the cities in the country. 

The housing position in industrial areas is reflected by an infant 
mortality of 420 per 1,000 in Kanpur during 1943. This means that 
almost one baby out of two born died. It is notorious that housing 
conditions have a large part to play in infant mortality. The tremend- 
ous overcrowding experienced in all cities which produced such a 
terrible state of affairs arose from conditions, apart of the central war 
activity, that were permitted without reference to the central health 
authority on this subject. 


Not only accommodation became scarce but also supplies of food, 
clothing, drugs and medicine became inadequate for civilian needs. 
On the other hand the population increased by 15 per cent. (about 51 
millions) in the 1931-41 decade. Prices of food grains rose enormously 
in certain areas and famine conditions prevailed in 1943 in Bengal, 
which affected one-tenth of the population of the province—six millions— 
of whom not less than three and a half millions lost their lives. 


Although the total number of factory workers in the country during 
the war years was less than 1 per cent. of the total population, but 
excessive congestion in the industrial towns was proving ruinous to the 
health of the workers. In 1939, as much as 52 per cent. of the total 
number of workers were found in only two provinces, namely Bengal 
and Bombay. To reach a conclusion as to the precise effect of unhealthi- 
ness on the well-being of employees is difficult. The death rates in big 
industrial areas and towns, the inhabitants of which are known to have 
been employed in factories, for instance in textiles towns can, however, 
be compared. The data obtained from the Annual Reports of the Public 
Health Commissioner with the Government of India and the Annual Reports of the 
Directors of Public Health in various provinces is given in Table X. It shows 
that during 1941-42, the general birth rate which for a number of 
years remained steady at about 34 fell in 1941 to 3271 and still further 
in 1942 to 29-4, Since the end of the decennium 1910-20, Indian 
death rate has shown a downward trend and the recorded death rate, 
for 1942, of 21-3 is the lowest in the history of the country. 
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TABLE X 


tality (rate per 1,000) of live births in the urban areas of the provinces 
Infant mortality ( ah) Fi el Ree es to 1945. 








Province and town | 1940 1941 1944 1945 
engal Province .. | 168°2 163°7 148°2 266:5 291-9 205'4 
3 ios town .. | 267°3 | 267:2 274-0 | 355°8 496:0 | 347:8 
Calcutta town .. | 212-5 jį 208:0 166:8 | 427:7 429:8 | 288-6 
Bombay Province .. | 202:5 | 192:2 | 193:5 | 191:7 , 192-5 183:9 
Bombay town .. | 201:5 | 211:4 95:1 197-4 203-0 190:4 
Ahmedabad town 310:2 247:5 293-1 263:5 e 186:5 
Central Provinces .. | 2372 208 :3 da ae | 196:8 203:0 232:8 
Nagpur town .. | 294-6 | 226:7 275:5 201:9 228-0 | 275-1 
Jubbulpore town 254:0 | 243:1 233-1 215:3 179-4 | 2649 
United Provinces 190-6 199:3 208-1 209:1 192-6 185-6 
Kanpur town 297:7 | 320:7 309-2 351:7 287-4 | 266-4 
Madras Province .. | 265-2 | 273:7 | 252-1 270:6 195-6 170:9 
Madras town | 205:7 | 208:9 196:8 | 247:3 284:3 213:8 


The toll exacted by industrialisation and war cannot, however, 
be expressed in terms of deaths alone. Mortality has received greater 
attention than morbidity because the available information concerning 
the deaths is fuller and more exact than that relating to the ill-health 
and disabilities, associated with or consequent upon industrialisation 
and the impact of war. 


During 1943-44, India began to be affected by war conditions to 
an extent much greater than anything that had prevailed before. Bengal 
as stated above was especially faced with acute famine conditions. Parts 
of Madras were also affected severely and Orissa and the State of 
Travancore experienced similar conditions. Reported total deaths in 
Bengal, Madras and Orissa were as follows:— 


May 1943 | Average of 





Province to April 1938-42 
1944 
Bengal si .. | 22,54,037 11,84,902 
Madras a „à | 12,76,275 10,99,448 
Orissa ei ja 2,590,296 1,98,150 





The picture of health of the civilian population and for the matter 


of fact of the industrial lati 
account, population can be deduced from the above 
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RISKS OF LABOUR 


The industrial worker in common with other members of the 
community runs certain risks, which are aggravated by war conditions. 
These include sickness, injury, infantile mortality and death of bread- 
winner, ‘These require special schemes of social security to mitigate 
their evil effects. Besides these, other dangers he runs are insecurity 
of tenure even when in employment and fear of victimisation; indebted- 
ness consequent on inadequate wages and earnings; unhealthy living 
on account of lack of housing and accommodation facilities; increased 
hours of work in insanitary working environments without facilities 
for rest and recreation by way of holidays and leave; and miserable 


existence on account of lack of welfare measures. The remedy for these 
lies in basic labour legislation. 


It is not too much to stress that the above risks shape the whole 
relation of the worker to his work, his employers, the social group with 
whom he works and his physical and mental health. The present 
day machine-age, with its mass production methods, division of labour, 
and increased demands on physical and mental capabilities of the worker, 
has neglected the essential human factor in production and by laying 


stress on the qualities of machine, has neglected the qualities of the men 
and women employed. 


In order, therefore, to appreciate the condition of the health of 
the industrial worker, the war-time labour policy, legislation and social 
security measures adopted may be briefly mentioned. 


WAR-TIME LABOUR POLICY 


Maximum production was the watchword. This required mobilisa- 
tion of all available skilled labour. To facilitate war-time expansion 
of production, the following steps were undertaken. 


Emergency Labour Legislation: The National Service (Technical 
Personnel) Ordinance 1940 was promulgated to control the distribution 
and the employment of technical personnel. The technical personnel 
to whom the ordinance applied were enumerated in a schedule and 
included managerial staff, supervisory staff and skilled and semi-skilled 
employees. Under this ordinance any technical personnel between 
the ages of 17 and 50,years and a British subject could be directed by the 
Central Government or a National Service Labour Tribunal set up 
under the ordinance, to take up employment in the national service. 
The ordinance could be extended by the Central Government to cover 
any class or classes of artisans. Powers were given to regulate the 
employment of such personnel, and to compel industrial undertakings 
to release such personnel for war factories or training establishments under 
the Crown. Such workers could not be discharged nor leave their 
_employment. 


The Essential Services Maintenance Ordinance of 1941: This ordinance 
gave power to Central and Provincial Governments to order all govern- 
ment servants and war workers in employments notified by them as 
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essential for public safety, to regulate wages and conditions of service 
and to require employers to supply food or foodstuffs to their employees, 


Under Defence of India Rules: Power was given to prohibit strikes 
or lockouts and to refer any trade disputes to conciliation or adjudication, 


Hours of Employment: In almost all cases, provision was made for 
maximum hours of work, minimum requirements of rest periods and 
payment for overtime. (Provisions of Factories Act 1934 were relaxed 
in respect of certain notified factories). 


Employment of Women: To avert a threatened coal shortage the ban 
on the employment of women underground was temporarily (i.e., from 
1943 to 1946) lifted with regard to coal mines. 


Technical Training Schemes: In order to build up a pool of trained 
personnel, training centres were set up, and by 1945 as many as 86,223 
technicians had completed training and posted to war factories. 


Bevin Scheme: This scheme provided higher technical training in 
British workshops for selected artisans. “By February 1945, about 560 
trainees had been trained. 


Tripartite Labour Organisation: To facilitate co-ordination of labour 
policy relating to labour welfare, labour morale, settlement of trade 
disputes, problems of production, hours of work, industrial canteens, 
housing of labour, etc. an Indian labour conference was called up in 
Len which had representatives of the government, employers and the 
workers. 


Labour Legislation: The provisions of the Factories Act of 1934, 
and the various amending acts passed during war years gave protection 
to the factory labour in India in so far as it related to hours of work; 
the minimum age for employment; night work for women; provisions 
concerning health; welfare and safety; employment of children; registra- 
tion of factories; weekly holidays; rest intervals; pay for overtime 
work; provisions to ensure adequate fencing of machinery; means of 
escape in case of fire; artificial humidification of premises; rest shelters; 
prohibition of employment of children and adolescents in hazardous 
occupations like manufacture of lead and its compound, chromates, etc. 
Workers employed in bidi, mica, shellac and carpet weaving were still 


unprotected, Workers in mines had protection under the Indian 
Mines Act of 1923. 


The Indian Trade Union Act 1926 and the Trade Disputes Act 
1929 provided against industrial disputes and machinery for conciliation 
or arbitration. The payment of Wages Act 1936 ensured regular pay- 
ment of wages to workers and minimum deduction for fines. 


, Social Legislation: One consequence of industrialisation and war 
in a country is a change in its socio-economic structure. The burden 
of this change in India fell mostly on the joint family organisation 
of the medieval times and meant for the worker loss of security against 
such events as unemployment, sickness, old age and destitution. All 


industrialised countries have evolved soci : 
al securi 
against these evils. ty schemes to fight 
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- In India, the first reform on the Statute Book was the Workmen's 
Compensation Act of 1923, which applies to workers whose earnings 
do not exceed Rs. 400/- per annum and who are employed in factories, 
mines, ports and other occupations mentioned in the act. It provides 
for compensation for any injury or occupational disease as specified 
in the act, arising out of and in the course of his employment after a 
qualifying period of seven days. In the working of the act the employer 
has very often taken advantage of the workman’s ignorance of this 
law and his reluctance to institute legal proceedings against his employer. 


The meagre compensation paid, as given in Table XI, illustrates 
the point. 


Tase XI 
Compensation paid to the workers under Workmen's Compensation Act of 1923— 
1938 to 1945. 


| | Total amount 





Year ‘Total number; of compensa- 

of cases tion paid 

(Rupees) 

1938 “ yë 35,262 14,43,459 
1939 T as 38,681 15,09,327 
1940 ee ie 41,015 19,38,476 
1941. T ja 39,045 16,00,904 
1942 sd bs 44,443 18,69,359 
1943? T - 44,826 22,83,991 
1944? T + 35,581 16,96,494 
19453 ji T 67,390 42,25,339 


n n aaa aaa a e a 


The War Injuries (Compensation Insurance) Act 1943: This act imposed 
on industrial employers an obligation to pay compensation in respect 
of war injuries to workers in their employ, and for the compulsory insur- 
ance with the Central Government of the employer's liability to pay 
compensation for war injuries. 


War Injuries Ordinance 1941: This ordinance provided relief to 
ainfully occupied persons over the age of 15 years who sustain war 
injuries or to their dependents in the event of death. 


Maternity Benefit Acts: The provinces of Bombay, Madras, United 
Provinces, Bengal, Sind, Central Provinces and Berar had their acts 
before the outbreak of war. Punjab, Assam and Bihar followed 
by adopting similar acts in 1945, 1944 and 1945 respectively. These 
acts apply to women workers in factories (also plantations in cas¢ of 
Assam), The entire cost (pre and post-natal combined) is borne by 
the employer; benefit is available generally for eight weeks (Madras 
seven weeks, Punjab 60 days), and the amount generally varies from eight 
tExcluding figures for Bombay. 


2Excluding figures for Bombay and Madras. 
3Excluding figures for Punjab and Sind. 
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to twelve annas per day subject to a qualifying period of six to nine 
months (Assam five months). 

Mines Maternity Benefit Act 1941 (Central Act): This act made 
similar provisions for women workers in the mines. 


Welfare advisers were appointed in the Labour Department in 1942, 


Early in 1945, the organisation of Chief Labour Commissioner was 
constituted for undertakings over which the Centre had direct jurisdic- 
tion (federal railways, mines, oil-fields, major ports and other establish- 
ments owned or controlled by government). 

In 1944 the Coal Mines Labour Welfare Ordinance was issued for 
the welfare of coal-mine labour. 


One Welfare Directorate was constituted. 


The Working of Various Labour Acts During War Years: Experience 
of the working of these Acts has revealed a number of defects and 
weaknesses, viz. (i) conditions of work and wages in the industries in the 
country during war years were very discouraging; (11) the interest shown 
by the provincial governments in improving the lot of the working 
class varied and was mostly poor; and (iii) the standards adopted for the 
enforcement of the existing labour legislation by the provincial govern- 
ments and States required much improvement. 


At the end of war it was realised that a new conception of the role 
of labour in industry was needed. The worker was no longer to be 
regarded as a mere commodity of commerce. That, not only, his dignity 
as human-being should be recognised, but he should also be given 
a proper status as a partner in production, possessing rights as well 
as responsibilities. That this is being realised is seen in Government of 
India Five Year Labour Plans. These plans aim at a uniform and 
co-ordinated labour policy for the entire country to promote social secu- 
rity and industrial peace, ensure fair wages, satisfactory conditions of work 
and a higher standard of living and provide for health, welfare, education, 
training and full employment. 


WAGES AND EARNINGS 


_ dhe immediate effect of war was an improvement in the economic 

situation. The agricultural price as well as the prices of industrial 
goods showed improvement. But after 1942, when the demand for all 
types of goods increased due to increase in strength of armed forces, 
increase in employment of skilled and semi-skilled labour, diversion 
of a part of the local production to war supplies and reduction and 
cessation of imports, a shortage of consumer goods including food 
and clothing, led to the imposition of a heavy burden on the large majo- 
rity of the working population. 


Although, the workers’ nominal earnings (wages, dearness allow- 
ance and bonus) rose sharply during the years following 1939, yet that 


did not compensate them adequately for the st i 
of living as is shown in Table XID 0? increase in the cost 
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TABLE XII 


Average earnings of factory workers in different industry groups in British India. 


-_— 
Ps it Sd, a 


nee LS AA LT tn 








pk et Average annual earn- | Percent- 
covere ings in rupees e incr- 
Industry group in thous- | E pe in 
ands 1944 over 
1939 | 1944 1939 
Textiles | ji 1,016 293:5 | 633:6 | 115-1 7 
Engineering... T 265 263-5 ¡ 589-8 86-5 
Minerals and metals 95 457-2 | 573-5 | 23:8 
Chemicals and dyes 86 244:8 | 4846 97:1 
Paper and printing 63 332:7 | 474:1 42:6 
Wood, stone and glass 88 ; 194:2 | 368° 4 87-7 
Skins and hides 34 | 285-8 532-1 83-1 
Ordnance factories se 169 . 361-9 | 546°8 51:0 
Mints cn a) ae 8 | 397-4 695-2 89-2 
Miscellaneous 59 | 281-2 | 513-8 81-4 





A consideration of war-time rise in prices brings out the effect of 
war on real wages. ‘The change in the index number of whole-sale 
prices for the whole country from August 1939 to March 1945 is given 


below :— 


TABLE XIII 


Index number of whole-sale prices (Base: week ending 19 August 1939=100). 





A a A DS rN 


General index 1256 114-8 
Agricultural commo- 

dities 127:5 108:6 
Raw materials . | 118-8 121-5 
Manufactured articles | 131-5 119:8 
Sugar 121-0 | 100:0 
Kerosene .. | 109-0 122-0 
Cotton manufacture 117-0 118:0 


| 
| 
Jon 





eee 


124-2 
146:9 
154-5 
102-0 
138-0 
173-0 








o a et 


5 aaia ma ia aiir 


a nN, 


171-0 | 236-5 | 244-2 
166:2 | 268°7 | 265°4 
165:9 | 185-0 | 206-0 
190:4 | 251-7 | 258:3 
127-0 |146:0 | 158-0 
185:0 | 186-0 | 176-0 
292-0 4220 | 288-0 


While these prices reflect the general trend of the price level, 
little information is available about the movement of retail prices and 


prices 


in the local markets, which in reality determine the cost of living 


of the workers. One can still conclude that the cost of living bonus 


paid to the workers was 


insufficient and their standard of living was 


lower than the pre-war standard. With the result that their personal 
problems of nutrition, clothing and shelter became more acute. 
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WORKING CONDITIONS 


In war industry, output and more output is the chief demand, 
but the very urgency of the demand requires consideration of the means 
by which it may be attained. These considerations are :— 


(i) Avoidance of fatigue :—Since fatigue is a primary factor in limiting 
output in most industrial processes. 

zi . Pom i j t-pauses reflects 

ii) Introduction of rest-pauses:—As introduction of res 

EN an interest on the part of the management in the health and 
well-being of its workers, and if properly assigned and adminis- 
tered, appeals to the employee’s sentiments of individual 
integrity. . l 

(iii) Improved physical conditions of work :—The physiological effects of 
harmful working conditions such as bad lighting, inadequate 
ventilation, hot and humid atmosphere, excessive noise are too 
well known. 

(iv) Wage incentive and wage incentive systems :—Efficacy ofa wage incentive 
is so dependent on its relation to Other factors that it is impos- 
sible to separate it out as a thing itself having an independent 
effect. However, it has its own value under certain conditions 
of strained economy. 

(v) Efficient work patterns :—There is no question that much of value to 
both the work and worker has come from the movement to 
secure better work patterns and routines. 


Few, if any, attempts were made to harness these means for an 
increase in production. Labour was cheap and in plenty which mitigat- 
ed against any attempts to safeguard their health. 


During war period the one exemption asked for by industrial 
concerns pertained to an extension of the usual hours of work (Section 
34 of Factories Act 1934). The main risk of working for long hours 
falls upon adult men and particularly on the highly skilled workers. 
Then there is strain on the management, the executive staff and the 
foreman. All this results in fatigue which shows itself in diminished out- 
put. Fatigue is also affected by the amount of available energy, the 
nature of work and the attitude of the worker towards it. All fatigue 


results im increase in sickness, absence, accidents and labour 
wastage. 


The Health of Munition Workers Committee (United Kingdom), 
Interim Report 1917, contains the following passage. 


‘The country cannot afford the extravagance of paying for work 
done during incapacity from fatigue, just because so many hours 
spent on it...... Misguided efforts to stimulate workers to feverish 
activity in the supposed interests of output are as useless as would 


be the cheers of partisans encouraging a long distance runner to a 
futile sprint early in the race ’. 


Most of what has been quoted ab ; z 
out during war period in E ana Ove BABPESable towork estres 
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ABSENTEEISM 


During war it is essential that there should be no preventable loss. 


It is unfortunate that there are very little data available on sickness 
or accidental absentecism. Enquiries reveal that there is a high rate of 
absentecism in factories, workshops, mines etc. Serial statistics relating 
to absenteeism in war industries are not available. Except for the 
Government of Bombay, no provincial government maintained any 
statistics of absenteeism. The following data give some account of 
the percentage of absenteeism in certain industries. 


Taste XIV 


Percentage of absenteeism in certain industries in 1946.* 
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| Cotton mill pist E a ES E 
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Month un > G el y 5 h E + 
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(513 (15 26193 3 | 4 

| ow 5 | 8° 23 Sa E O 

, @ | & | © | © | © | (a) 
January 1946 1122 | 9-4] 9:3) 5°7 | 7-7 | 10-4 | 101 
February 1946 .. [132 | 10-6 | 94) 5-7 | 5-6 | 10-4) 99 
March 1946 | 12-1) 18-0} 10-9] 5:7) 5:3 11:5 | 14:4 
April 1946 14-1) 13-01 13 4) 11-0} 91 | 12-7 147 
May 1946 13-8 | 14:3 | 18-2 | 15-8 | 11-0 | 15-0 | 14-2 
June 1946 15-1 | 13-8| 170) 11-9) 95 | 13:7 | 13-9 
July 1946 13-1 | 14-7} 13-5 | 6-8] 6-9 | 10-9 | 13-4 
August 1946 12-2 | 11-7 | 11-2 | 6-2} 7-2 | 10-6 | 11-4 
September 1946 12-8 | 11-81 15:7 | 6:7 | 247 | 9-2] 11°8 
October 1946 11-7 | 13-5) 125| 7:2} 11-0) 9°5 | 15-5 
November 1946 12:5 | 1985.) 122] 7-3) 97] 98 1166 
December 1946 14:2 | 12-2 | 11:2!) 67| 8:7} 91 | 12:8 

{ 
I 











*Source (a) Government of India, Labour Bureau, Simla, 
(b) Bombay Labour Office, Bombay. 
(c) Employers’ Association of Northern India, Kanpur. 


As regards the causes of absentecism during war period (except 
for Bombay) no information is available. Post-war statistics for the year 
1947 for mills in Madras province show that absenteeism due to sickness 
or accidents was 2'7 per cent. and that due to social or religious causes 
9-1 per cent., leave other than holidays accounted for 4'0 per cent. 
and other causes for 4'4 per cent. Absenteeism varied from 10 to 15 


er cent. in factory industries. It is about 25 per cent. in tea plantations 
and about 40 per cent. in mica mines. 
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What errors were made in the attainment of the industrial conditions 
estimated to effect a maximum production of munitions and other 
war requirements and at the same time to conserve the health of the 
workers? In the absence of any recorded statements or accounts it is 
difficult to persuade people to believe that the health of the industrial 
workers must have been effected to a marked degree. 


ACCIDENTS 


Increased employment, as usual, meant the engagement of more 
unskilled workers, more rapid pace of work, and as a corollary an increase 
in accidents. The frequency with which accidents occur 1s much 
greater and the accidents more numerous than is usually suppos- 
ed. Also, what is not realised is the extent of the unhappiness and the 
effect on the health of the industrial population. Little is also known 
of the ways in which the victim of industrial accident or disease received 
medical and surgical care which it is his right to expect; of the compensa- 
tion which would remove from his shoulders the financial burden inciden- 
tal to his liability; where the widow and the orphan received protection 
which it is the duty of the State to provide; where justice, plain justice 
is met out to him. A disease or accident in industry which goes un- - 
compensated adds worry to workers’ physical disability, impedes recovery, 
engenders neurosis and institutes a vicious circle ending in moral and 
mental degeneration. A study of accidents in factories during the war 
years, Occurring in establishments covered by the Factories Act, gives 
the following figures :— 


TABLE AV 
Accidents in factories in India covered by the Factories Act—1939 to 1945. 











Fatal | Serious Minor Total 
Year Per | Per Per Per 
Number, 1,000 [Number| 1,000 Number! 1,000 Number! 1,000 
workers workers workers workers 
1939 «. | 221 | 0-13 | 5,837. 3:33 | 29,948! 17-10 | 36,006 | 20-56 
1940 .. | 236 0-13 | 6,857 3-72 | 33,986) 18-42 | 41,079 | 22-27 
1941 271 0:13; 8,3741 3:88 | 40,091| 18-59 | 48,736 | 22-60 
1942 ,. 323 0-14 9,111; 3-99 | 44,740; 19-60 | 54,174 | 23-73 
193 .. 361 0:15 | 10,016| 4-11 | 48,799| 20-03 59,176 | 24:29 
1944 .. 348 0:14 | 10,638| 4-22 | 56,336! 29-33 67,322 | 26:69 
1945 .. 342 0-13 | 11,006; 4°16 | 58,775) 22-94 70,103 | 26°53 











ir ge injury involves absence from work for more than 48 hours but less than 
ys. 


Serious injury involves absence from work for 21 days or more, 


It will be noticed that the number of accidents r 
j > ose from 36,006 
in 1939 to 70,103 in 1945. There isa gradual rise in the rate of 
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accidents from 1939 onwards. This rise could easily be ascribed to 
congestion in factories, large increase in the employment of unskilled 
labour, longer hours of work, unsafe or unguarded machinery, lack of 
proper supervision and environments (e. g., insufficient lighting high 
temperature and humidity leading to early fatigue). There were vide 
variations in the frequency rates of accidents in different provinces due 
to the pattern of industrial development. The rate is higher in pro- 
vinces where metal or engineering industries prevail. 


TABLE XVI 


Accidents in factories in different provinces—1945, 


Province Number Per 1,000 
workers 
North-West Frontier Province 20 4°66 
Orissa oe za 59 7:94 
Coorg and Bangalore 85 14-94 
Madras iy 5,526 19-79 
United Provinces 5,519 19-96 
Punjab 3,505 22-47 
Sind 936 23:30 
Bengal T 18,493 24-84 
Central Provinces and Bera 2,950 26:75 
Assam as ba 1,607 27:67 
Bihar 4,921 29:21 
Bombay 23,307 31-68 
Delhi 1,475 40:01 
Baluchistan 219 55-19 
Ajmer-Marwara 1,501 94-54 


AAA A IT LT EE ET 


In Ajmer-Marwara, 1,421 accidents out of 1,501 occurred in the 
railway workshops. Similarly, in Baluchistan 2,832 workers out of a 
total of 3,968 workers were employed in ordnance factories and engi- 
neering or railway workshops. 


Causes of Accidents: No information exists regarding the causes of 
the accidents prior to 1945. It was only in 1945 that a new statement 
(statement VÍ A) prescribed under the Factories Act, enabled collection 
of information on the causes of accidents. Information, so collected 
in 1945 (Table XVII), shows that working machinery and falling objects 
are the major causes of accidents. 


Railway Workers: The Annual Reports of the Railway Board on 
Indian Railways show (Table XVIII) the number of accidents involving 
railway servants (excluding those employed in railway workshops). 


Mines: Table XIX gives the number of accidents in mines 
covered by the Indian Mines Act, 1901. 
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TaBLE XVII 


Analysis of accidents by causes in factories—1945. 








Causes of accidents Number of | Percentage 


accidents 





Machinery 
Prime-movers y 96 0:14 
Transmission machinery 959 1:44 
Lifting machinery e 462 0:70 
Working machinery .. 13,801 20°79 
Transport 
Rolling-stock on lines .. 655 0:99 
Rolling-stock not on lines 817 1°23 
Persons falling ja 3,694 5:56 
Falling objects e 14,348 21:62 
Hand tools aa ` 7,087 10°68 
Electricity se 190 0-29 
Poison, corrosive sub- 
stances and occupa- 
tional diseases is 661 0:99 
Explosions and fires 3,343 5:04 
Miscellaneous 20,265 | 30:53 
Total .. | 66,378 | 100-00 
TasLe XVIII 


Accidents involving railway servants—\939 to 1945. 








Year Number of | Per 1,000 

. accidents workers 
1939-40 16,060 22:65 
1940-41] 17,616 24:19 
1941-42 19,674 25-96 
1942-43 20,634 24-98 
1943-44 22,656 25:48 
1944-45 23,915 24:79 


AR RA 


Introduction of machinery on a large scale increased the number 
of accidents of all kinds. However, statistics reveal that 25 per cent. 
of all accidents were due to faulty or unguarded machinery and that 
15 per cent. were due to carelessness. Other conditions that lead to 
accidents may be external environmental conditions like hot and humid 
atmosphere, cold, poor lighting, speed of production and long hours 
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Accidents in mines—1939 to 1945. 


HR O E a pr 
wwe (et 
HS o a A 


} 


A — 








Number of Per 1,000 
Year persons kill- workers 
| ed or injured s 

1939 .. | 12,280 | 40-23 
1940 a 14,637 | 44:59 
1941 ar 12,761 36°48 
1942 ge 12,697 | 35-50 
1943 gi 10,837 31°02 
1944 jä 10,879 | 29-81 
1945 pp” 10,472 | 27:10 


ee 


of work. Personal conditions also play an important part. The 
higher rate of accidents in younger groups is due to their physical imma- 
turity, lack of foresight and mental dash. Also a group of inexperienced 
people will have more accidents. Taking the average monthly earnings 
of people as an index of their experience one sees the following 
picture as analysed from two sample surveys of accidents in relation 
to the monthly earnings of the individual. 


TABLE XX 


Results of two sample surveys of accidents in relation to the monthly earnings of 
the individual. 


EE ey TL A yy A Hite oe 





— A A XP a. 








SAR a a eg i et e A eet te! 


Monthly earnings Total number of accidents | Total number of accidents 





(in rupees) 1945 1946 1945 1946 
Less than 10 135 178 64 26 
10-15 301 167 | 190 | 104 
15-18 337 114 215 | 60 
18-21 255 182 | 142 94 
21-24 276 237 150 143 
24-27 274 228 | 134 124 
27-30 752 342 | 584 234 
30-35 235 282 | 117 142 








A lowering of physical health by reducing available vitality inter- 
feres with skilled actions and helps to increase accidents. It may 
not be an exaggeration to say that the accident liability of the Indian 
worker during war period, which is determined by the degree of risk 
to which he is exposed, was very great and the problem of accident 
prevention requires to be tackled from a three-fold point of view, the 


human, the socia] and the economic, 


— 
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The State has to consider how the conditions of life, necessitated 
by industries, affect the employees and at the same time to estimate the 
value to: the safety and the health of the community as a whole of the 
products of their labour. 


SICKNESS ABSENTEEISM 


Very little information is available as regards industrial morbidity. 
No body seems to have taken any interest in the subject, There are, 
however, notable exceptions. Medical organisation in industry during 
war period was very inadequate and the medical facilities provided 
to the worker were insufficient both in quantity and quality. ‘There 
was no system for recording industrial sickness and the notification of 
cases of occupational diseases was non-existent. The Factories Act 
1948 has for the first time introduced a system of compulsory notification 
of such diseases. 


Rao and Ghosh while studying sickness absenteeism in a private 
industry during the war found that the severity rate (the average 
number of days lost per absence) was gradually coming down with the 
progress of war, though the disability (the average number of days 
lost per year per worker) and frequency rate (the average annual 
number of absences per 1,000 workers) were on the rise. It is, therefore, 
clear that the worker is losing more time in industry and he is absent 
more frequently but that each attack of illness is incapacitating him for 
lesser and lesser number of days. It is obvious that such a state of affairs 
is detrimental not only to the industry but also to the community where 
the worker is living. | 


INDUSTRIAL MORTALITY 


A fair measure of the hygiene status of a trade or district is its 
mortality rate. The defects of Indian vital statistics are too well 
known to be discussed here. The data in Table XXI, however, give 
some idea of the unhealthiness of some of our industrial towns. 


How much of the town mortality is contributed by the industrial 
worker is very difficult to assess, but the data reveal the ruinous effect 
of industrial life on the health of the worker. From the standpoint of 
industrial health a distinction must be made between the immediate 
evils associated with overcrowding and underfeeding and the remote 
consequences of industrialisation. 


NUTRITION 


There is no doubt that nutrition occupies a very important place 
in the causation of ill-health and diseases prevalent in the industrial 
community. The ill-effects of an unbalanced and insufficient diet are 
manifold. The infant, maternal and general mortality rates in India 
are high, and the expectation of life is low. Among causes of ill-health 
and disease are contaminated water supply, lack of sanitation, bad hous- 


> 


ing, insects, especially mosquitoes and flies which carry disease, and 
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Mortality rates 
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| Mortality rates per 1,000 
| 


of population 
Province | Town Period | Average for 

| | | Average for: the urban 

| | | town | areas of the 

| | | , province 
Bengal | Calcutta | 1935-37 | 31 l 22 

| Howrah | 1935-37 | 39 l 
Bombay | Ahmedabad) 1937-39 i 47 | 30 

| Bombay | 1937-39 | 28 | 

| Sholapur | 1937-39 | 40 
Madras .. | Madras | 1935-37 39 24 
United Provinces | Kanpur | 1938-39 | 37 29 
Central Provinces Nagpur ¡y 1937-39 | 46 33 

Jubbulpur | 1937-39 | 
| 








malnutrition. There is no doubt that malnutrition occupies a very 
important place in this respect. The Bengal famine of 1943 focussed 
attention on food and nutrition in India, The report of the Famine 
Enquiry Commission records: 


“ Among the poor sections of the community in India, both urban 
and rural, there is much under-nutrition as well as malnutrition. It 
has been estimated by certain authorities that 30 per cent. of the 
population in normal times did not get enough to eat. Further a large 
proportion of the population of India consumes a diet which does 
not contain protective foods in sufficient amounts ”. 


It is very difficult to make an estimate of the impact of war, controls 
and rationing on consumption and standard of living. 


In 1945 there was a severe shortage of food in India and urgent 
measures were taken to meet the threatened famine. To assist in meeting 
the demands of the civilian population reductions in ration scales of 
both Indian and British troops were imposed. During 1946 it was found 
necessary to reduce the cereal ration for both Indian and British troops 
in order to make more cereals available for the civil population. The 
army authorities early in 1943 had started Grow More Food Campaign 
for the benefit of their troops as well as to lessen the strain on civil 
supplies. 


“The Bengal Famine was a tragedy and disaster of the greatest magni- 
tude, but it may have its blessings if it has taught the common people 
to eat other grains besides rice and has shown the folly and vulner- 
ability of a race living on one staple article of diet "A 


4ORR, I. M. Inter-Allied Conference on War Medicine-Medical Aspects of Bengal Famine 
Relief, p. 378. 
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A survey of feeding conditions in war industry showed a need for 
the improvement and extension of arrangements for feeding industrial 
workers. It was recommended that canteens be staffed and administer. 
ed as a State service and that industrial concerns should achieve a 
prescribed minimum standard of catering; the desirability was emphasis» 
ed of caterers having at least some training in nutritional science and of 
their work being supervised by a staff of industrial nutrition officers, 
In 1945, an Army in India Catering Corps was formed to provide catering 
service for both Indian and British troops. 

The works canteens, tea-stalls, restaurants provided by industry 
during the war period were mostly an ex-gratia affair, and private 
contractors’ business, where the food supplied was neither cheap nor of 
good quality and the environments were anything but clean, sanitary 
and attractive. The element of nutritional balance in the food was 
absent. Their location gave the worker no opportunity to relax in 
comfort, or allow him saving in time and trouble due to distance and 
exhausting journeys. The establishment of such canteens was not obliga- 
tory inthe Factories Act 1934 or any other law. The Government of India, 
since the start of war, instructed the provincial governments to encourage 
and persuade employers to start these canteens but the process was very 
slow, in spite of the concessions offered by the government in the shape 
of rent-free accommodation, Íree furniture and cooking utensils, rationed 
foodstuff, etc. The result of all this was that the nutrition of the war 
worker was handicapped with a detriment to his health. 


BACKGROUND OF RECRUITMENT 


Organised large-scale industry in India regulated by factory legisla- 
tion 1.e. railways, mines and plantations employed about 3 per cent. of 
her working population. The smaller or unorganised industries provided 
employment for a much larger number of persons than organised industry. 
In addition, a large number of skilled and semi-skilled workers were 
absorbed by the armed forces. Her enormous growth of population 
during the last three decades necessitated the creation of increased 
number of avenues for employment and consequently a rapid develop- 
ment of her industrial structure. Therefore, the worker was being pushed 
rather than pulled to the cities as observed by the Royal Commission. 
The bulk of the labour was thus drawn from the rural areas. There 
was no system of employment exchange in the years before World War II. 
With the approach of the end of war, however, the question of resettle- 
ment of India’s returning ex-servicemen engaged the attention of the 
authorities and the Labour Department of the Government of India, in 
1945, evolved plans to set up a chain of employment exchanges for the 
resettlement of these people. These have now developed into a chain of 
public employment exchanges for the placement of unemployed workers. 


As regards the health condition of this labour force recruited for 
work as indicated, little information is available. An indirect method 
of arriving at any suitable information is to study the figures of the 
recruiting authorities of the Army in India. Recruitment is a 
sort of pre-employment medical examination of the people. The 
Standard of medical examination of the army may partially vitiate the 
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E but it brings out one important fact that the army rejects must 
gone into employment as other type of war workers with a low 


premi 


TABLE XXII 
Percentage of rejection of recruits examined by the Recruiting Medical Officers 


during the period 1 April 1939 to 31 March 1946. 
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Diseases of nose and throat | 
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Varicocele ; co 
Other diseases of circulatory 
system aa 
Anaemia 
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Respiratory diseases exclud- 
ing tuberculosis i 
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Loss or decay of teeth 
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Other diseases of digestive 
system .. , 
Ankylosis of join 
Flat fect ; a 
Knock knee... ex 
Curvature of spine 
Other deformities ’ 
Skin diseases .. E 
Poor physique 
Other causes 





HOO COM PR OOOCHWwoUNee 


È| aoro roo 9°79 
a) DoW eH OOOOH 





Total percentage a 








m © © No 





SSUMUSN LEE 


DO 


A ee I ree e e 


AUOONWAKONHROMe 


ODO OK BR WWO DARAN 
DJ o) 


m U 0 O NN = 


ob 





“ZER 


NO oO - 
NODO 


oo 


COOOWMrOS 
Qi 09 “Im 


NO 


ast 





22-98 |15°68 [18:4 


Ni 
Ob W 
. sean ls 
eR AET 








NR O O O O m N U Oo m 
TES eS O Aano o 
is dl ES e 0 10 O e 
SENBEDOBAIAD 





NODO 
BAH 






oau STUD 
OONO JAA NAO 
S3E2BslioasY DaO wh GS 


3 O O O m N ee 











uum of health. An overall pict £ 
obtained from the data in Table XXIE 0 se can be 


Se A Fg a aa |S sis 


e mu net IND 


o ooo ooornoooonoo-oo »oo” 


ne per meet ote GO CO LO eo ND 
2 NUNS ARRE ao ANN 


E 


oooocoo ooo 


A M 


23-27 (24:79 124-88 


74.8 PREVENTIVE MEDICINE 


A further analysis of these data reveals some very startling facts which 
have a bearing on the health problems of the war workers. During 
the period 1 April 1940 to 31 March 1946, the total number of recruits 
examined by the RMOs was 2,680,133, out of which 5,75,419 (21:47 
per cent.) were rejected on medical advice. 


It is largely in consequence of Indians being an agricultural race 
that during the war the rejection figures were so low and nearly 80 
per cent. of the recruits could be enrolled. Only one out of every 
five men examined was found to be physically unfit. But there is nothing 
in these figures for complacency. 


If rejects from army infiltrated the ranks of the industrial worker, 
and got jobs in factories where there is no system of pre-employment 
medical examination, they ran the risk of further deterioration in their 
health when exposed to unhealthy working conditions in factories. The 
importance of these data must not be lost sight of while planning for 
organisation of industrial health service. 


WELFARE PROBLEMS OF THE WAR WORKER 


The main factors associated with war-time conditions affecting 
the health of the workers were: excessive hours of work; inadequate 
holidays, meals and travelling facilities; domestic responsibilities 
superimposed on long working hours; domestic upheavals, heavy and 
strenuous work in certain trades; paucity of food and clothing; unhealthy 
working environments in certain factories; exposure to toxic substances; 
industrial accidents and fatigue. 


The conversion of peace-time industries to war production and the 
employment of unskilled labour introduced innumerable factors affecting 
the health of the worker, 


Certain important aspects of labour welfare work undertaken 
by the Central, Provincial and State Governments, employers and trade 
unions, pertain to canteens, creches, entertainments, medical aid, washing 
and bathing facilities, provident fund, gratuities and pensions, educa- 
tional facilities, fair-price grains shops, cloth shops and kerosene oil shops, 
free issue of milk to workmen’s children, welfare clinics for women and 
children in labour camps, sickness benefit funds, free cinema shows, etc. 
But these activities covered only a small section of the working class in 
a few urban towns and mainly of factory industries. The mass of the 
working population never enjoyed these facilities at all. It becomes 
incumbent, therefore, on any future organisation for industrial health, 


to plan a policy for the provision of welfare facilities to the large number 
of war workers in the country. 


In the services there is a complete system of living, the equivalent 
of both social and industrial environment in which the ordinary citizen 
lives. People are in the services twenty-four hours a day, and their 
food, shelter and clothing are provided for them. The worker in 
industry and other employment who misses something in his working 


life shows perpetual awareness of the social purpose of industry. 
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e = b ia desire for a degree of interest in their affairs needs to be 


PROBLEMS OF THE WORKING ENVIRONMENT 


Industrialisation and war brought out hundreds of social problems 
and laid emphasis on the role that illness played in the causation of 
disability, dependency and insecurity. It brought realisation of the fact 
that healthy and efficient workers are essential for the job, and industrial 

„health is the primary means to that end. The evolution of Workmen's 
Compensation Laws for accidents and occupational diseases was consider- 
ed to help the promotion of industrial hygiene, but as the main concept 
of the Workmen’s Compensation Act was only compensation and not 


restoration, the Act failed in a large measure to remove the environmental 
factors which are the cause of ill-health. 


Social causes of illness are just as important as the physical ones. 
Therefore, the industrial health administrator must have some knowledge 
of the social and economic problems, One of these problems is industrial, 
and perhaps the most important factor in industrial health is the industrial 
environment and how it can be controlled. 


The occurrence of an industrial illness and for the matter of fact 
of any illness calls for preventive action. Sanitary measures in industry 
have been and will always remain a bulwark against most communicable 
diseases. The importance of the relation that exists between environ- 
ment and health is best seen in industry. The various problems of the 
environment of the worker present themselves in two categories: (i) 
community environment and plant sanitation problems, and (11) 
industrial environment. The first aims at the prevention of non- 
occupational communicable diseases for which industry itself contributes 
and is responsible. There is atmospheric pollution and water pollu- 
tion from the ill-planned methods of industrial waste disposal. Other 
problems which industry makes a contribution to are: the problems of 
transportation and industrial fatigue, housing, water supply, milk and 
food control, food sanitation in canteens, sewage disposal, garbage and 
refuse disposal, control of insects and rodents, insect borne diseases as 
malaria and plague, typhoid and typhus. Since nine-tenths of the time 
lost from work on account of illness is due to non-industrial causes the 
importance of community sanitation should not be overlooked. 


The problems of plant sanitation aim at provision of good facilities 
and equipment for work, maintenance of these facilities in clean and good 
working conditions and education of the worker in the proper use of these 
facilities and in the need for good personal cleanliness. Such problems 
require the provision in the factories of facilities for cleanliness, waste 
disposal, water supply, toilet facilities, washing facilities and personnel 
services. 


Other conditions in the working environment of the worker which 
require attention are, lighting (natural and artificial), temperature, 
ventilation, artificial humidification (in textile and cotton mills), 
personal protection by the provision of protective clothing, provision 
for first aid, control of air contamination by poisons, dust, fumes, gases, 
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mists and vapours, protection of the worker from use of dangerous solvents 
and other chemical substances. 


During war period very few attempts were made to look into these 
problems as sufficient number of medical men trained in industrial 
¿hygiene methods did not exist, and hygiene inspection service for factories 
was not existent. 


The development of healthy working conditions should be the 
one common meeting ground of agreement between the employer and 
the employee. The primary raison d’etre of industry is safety and health. 


Hazardous Occupations: Prevention of occupational disease is the hub 
of the wheel of industrial health work. Detection and evaluation of 
the hazard, development and prescription of mechanical preventives, 
diagnostic and protective care of the individual worker, need a team 
consisting of chemist, engineer and the medical officer to lend a hand in 
the solution of the problem of hazardous occupations. This concept 
of industrial hygiene service was absent in the hygiene personnel and 
departments in the country, as such, the problems of the working environ- 
ment of the worker were never investigated and preventive health work 
in the interest of the war worker was never planned. 


Systematic Poisoning by Fumes and Gases: Many chemicals, used as 
solvents and otherwise in modern industry, give rise to fumes and gases 
which may be injurious to health, such as benzol, carbon tetrachloride 
and, in the production of munitions trinitrotoluence or TNT, nitric 
acid, sulphuric acid, benzene and its homologues, and their nitro and 
amido derivatives, aniline, picric acid, nitrobenzene, nitro and chloro- 
derivatives, fulminate of mercury, amylacetate, white phosphorous, 
chlorine, chromates, chlorates and nitrous gases. 


Operations in which lead (manufacture of electric accumulators, 
paints, welding, cable making, textile printing, rubber manufacture, 
enamelling), lead tetraethyl (petroleum refiners, garage workers, tank 
cleaners), phosphorous (explosive workers), mercury (electroplating, 
alloy makers), manganese (fireworks makers, glaze mixers), arsenic 
(manufacture of Paris-green, textile printing), carbon bi-sulphide (degrea- 
sers, dry cleaners, vulcanisers, rayon manufacture), chrome (chrome 
plating, manufacture of di-chromates, textile printing) and certain 
rare metals are vaporised, are similarly hazardous. The effects of 
exposure to lead dust, welding fumes and radium emanations, all these 
exposures may lead to permanent disability or death. 


_ Welfare Problems in Hazardous Occupations: In order to provide 
against serious risk of bodily injury or poisoning or disease amongst 
persons employed in factories engaged on such operations, the Central 
and State Governments have rules under Sub-section 4 of Section 33 
of Factories Act (Act XXV of 1934) which provide for:— 


(i) periodical medical examination of persons employed or seeking 
to be employed; 


(ii) providing for the protection of all persons employed in the opera- 


or in the vicinity of the places where such work is carried 
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These rules cover such occupati l 
pations and industry as lead, aerated 
water, rubber, chromium, cellulose spraying, ariba petrol gas 
generating plant, sodium and potassium bichromate manufacture, 
bleaching and dyeing, graphite work, Kapok ginning manufacture and 


repair of electric accumulators, glass manufacture and cashew nut oil 
manufacture. 


These rules were obligatory and went a long way to provide effective 
means for the control of the environment of the worker and provide 
necessary safeguards for his health. 


Pulmonary Disability caused by Dust Inhalation: Silicosis caused by 
inhalation of finely divided free silica (SiO,) and asbestosis due to 
exposure to asbestos dust, byssinosis due to exposure to card room dustare 
conditions of the lung tissue. Common exposure to silica dust occurs 
in rock blasters, brick makers, (refractories) foundry and pottery workers, 
china clay workers, glass mixers, quarry-men and stone cutters. 


Skin Diseases or Dermatosis: A large variety of substances used in 
industry cause skin irritation of varying degree. Exposure of skin to 
oils (oil dermatitis) and to chemicals used in the insulation of certain 
types of electric wires and cables (cable rash), chrome especially di- 
chromates in tanning cause chrome holes. The list of materials used 
in industry which may, under favourable circumstances, cause skin 
irritation of varying degree is practically endless. 


In the absence of any organisation for medical inspection of factories 
by medical inspectors in the country and also the absence of provision 
for the compulsory notification of certain occupational diseases in the 
Factories Act, 1934, it is not possible to state anything about the inci- 
dence of recognised occupational diseases amongst workers in various 
industries in the country during the war years. 


The Human Factor tn Industry: Working conditions in industry 
still provide a large field for study. The principles to be developed are 
those of suiting the job to the man, suiting the man to the job, and 
improving the man's performance by training, by satisfactory working 
conditions, and by the proper incentives. 


A RETROSPECT 


On the outbreak of war a single war supply organisation was set 
up absorbing the Contracts Directorate of the GHQ and the Indian 
Stores Department. In July 1940, the entire responsibility for producing 
all equipment for the Defence Services was transferred to the Department 
of Supply (a civilian department) which took over the expanded ordnance 
and clothing factories and later the medical stores depots, the Mathe- 
matical Instruments Office, and several railway workshops, which were 
adapted for munitions production, mills (foster mills jute), etc. The 
expansion of the armed forces would have been quite impossible without 
the magnificent work of the supply services. Ordnance factories and civil 
and railway workshops turned out an ever-increasing quantity and 
variety of stores and equipment, 
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Shortly after the outbreak of war, India was self-sufficient in more 
than 20,000 different items of equipment. By March 1943, the strength 
of the forces went up to half a million excluding the growing expeditiona 
forces sent overseas. Apart from men and machines of the Allied 
forces, India was almost wholly responsible for the supply of bulk 
stores, from railway wagons to landing craft and electric torches to the 
African theatre. Many hundreds of steel huts and sheds for housing 
troops in training and similar structures for military garages, hospitals 
and aeroplane hangars were fabricated in India from Indian steel, 
Medical stores, tents, equipment, munitions, etc., were sent out in gigantic 
quantities. 


The implementation of the Chatfield and other plans led to the 
establishment in India of many subsidiary industries of importance, like 
production of motor benzol, for TNT, nitiric acid, acetone from alcohol. 


Every month about 2,00,000 tons of stores passed through ordnance 
depots located all over India. They were made up of 3,00,000 items 
as compared with 40,000 before war. 


In 1945, the production of the Indian chemical industry increased 
by over 100 per cent. Soda ash, caustic soda, bleaching powder, chlorine, 
sodium and potassium bichromates, chromic acid, sodium thio- 
sulphate and calcium chloride are some of the more important chemicals 
which were not produced. 


With each new factory heavy additional difficulties were faced and 
overcome. At a time when India was exceptionally short of most 
engineering raw materials, provision of housing, water, power, sanitation, 
road and rail connections and food were needed for factory employees 
and other war workers. To provide the fighting forces with the sinews 
of war factory workers are needed. In many cases the main limiting 
factor in the efficiency of the machine or weapon is the human being 
working it. The need for taking into consideration this human factor 
applies to all matters where human effort is needed whether in the 
military or the civil field. 


MEDICAL RELIEF 


_ Medical supervision in industry should be so ordered that workers 
realise that their health is important not merely because they are instru- 
ments of production, but because they have human rights. 


Medical Arrangements for Civilian Workers in War Employ: With the 
formation of a Supply Department it was considered that the administra- 
tion of medical facilities at the army factories should be entrusted to the 
army medical services for it was not possible for the DGIMS to administer 
hospitals without entrusting part of the work to the Provincial Govern- 
ments. The DMS was of the opinion that the Department of Supply 
being a civilian department, the medical attention formerly the res- 
ponsibility of the War Department now ipso-facto became the responsibility 
of the Department of Supply, and the DMS should be relieved of the 
medical administration in the same way as the Master General of Ordnance 
of all executive and administrative control of ordnance factories, It was 
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also held that the bulk of the personnel emploved ; i 
in these factori 
were temporary, drawn from the civilian eopulaton. They emana 


civilians and it shor ud be the responsibility of the civil medical administra- 
tion to make provision for them as in the United Kingdom where the 
entire responsibility rested with the civil medical services. 


The precedent of pre-war practice, where the ordnance factories 
were administered by the army authorities had been negatived in all 
other respects and therefore there was no reason to make an exception 
in the case of the medical services. The Supply Department then 
started examining the possibility of a transfer of administrative control 
of ordnance factory hospitals and of responsibility for medical arrange- 


ments generally for ordnance factory staff from DMS to the civil medical 
administration. 


There was difficulty in finding the necessary staff. Provincial govern- 
ments expressed complete inability in the matter. Facilities for medical 
attendance at factories did not keep pace with the rapid expansion 
of factories and there was grave concern among the personnel, parti- 
cularly by higher grade supervisory personnel. The result was (as 
Lieutenant-General Wilson, DMS, pointed out on 25 August 1943) “ the 
personnel in most factories were provided with the sketchiest of medical 
facilities and I consider that in the general interest of the war effort 
proper medical facilities should be provided for them at a very early 
date. I suggest a meeting on Directorate level between War Depart- 
ment, Supply Department, Finance Department, Education, Health 
and Lands Department, Master General of Ordnance Branch and 
Adjutant General’s Branch at which the DGIMS and Medical Directorate 
would also be represented ”. 


The Supply Department at the meeting accepted to assume res- 
ponsibility with effect from 1 January 1944, if the DGIMS helped 
them. This could not materialise. Lieutenant-General Wilson wrote to 
the Supply Department on 27 January 1944, “in view of our existing 
deficiencies and impending operational requirements, it is impossible 
for us to accept any further commitment in either medical personnel 
or stores to meet the needs of the Supply Department and that in fact 
the return of such personnel as are already employed is an urgent 
necessity ”’. 


Finally, GHQ issued the following instructions on 16 March 
1944 :— 


“ Until such time as the Department of Supply can arrange to take 
over full control of the medical arrangements in ordnance factories, 
clothing factories, harness and saddlery factories and other 
factories under their administrative control it has been agreed 
that the local military authorities will perform the necessary 
supervision to dispensaries and medical officers (military and 
civil) at the above factories. _ on 

“ No extension of provisions of medical facilities, medical officers and 
medical supplies from military resources was contemplated”. 


Public Health in the Civilian Population: The ultimate responsibility 
for the civil health in the country vests in the provincial governments 
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_ In many parts of India during the war industries grew 
gear and the morula of some cities, such as Kanpur, Bombay, 
Calcutta, etc. was tremendously increased. The population in many 
cities became swollen beyond all recognition. The advice of the central 
health authority was never sought over problems of water, lighting, 
housing, etc. It was physically impossible for the central health authority 
to keep in touch with developments of this nature in the many big 
cities and rural areas in which the military descended in large numbers, 


Lack of sufficient medical personnel with the civil administration 
of the provinces and in some instances difficulties of supply of drugs 
and disinfectants hampered quicker control. i 


Contribution of the Army to Civil Health Problems: Due to a variety 
of causes the civil medical organisation in Bengal was quite unable to deal 
with the health problems that arose in connection with the famine, 
and it was the assistance derived from the military organisation that 
eventually turned the scale. Large numbers of doctors and other 
medical personnel were placed at the disposal of the Bengal Government 
by the army authorities. 


“In October 1943, on his appointment as Viceroy, Lord Wavell 
paid a visit to the famine area and found that all was not well. The 
demands made on the health services were so great and so urgent that a 
complete breakdown might be expected unless help was forthcoming 
immediately. A high ranking army officer was entrusted with the 
organisation of supply and a senior medical officer appointed as medical 
adviser. Ten majors of the IAMC were appointed as .DADsH out 
of whom eight were posted to the eight worst affected districts. Fifty-six 
junior officers were trained in prevention work and appointed to work 
under them as subdivisional health officers. In the early stages a 1000- 
bedded general hospital, two field ambulances and one casualty clearing 
station were drafted in, and being tented units they were broken 
up to form twelve 100-bedded tented hospitals and eighteen 
mobile treatment centres. Other medical units followed later. 


“several Indian Infantry Battalions, detachments of RIASC and 
Pioneers were seconded with transport for famine duty. ` On them was 
placed the responsibility of guarding and moving supplies, rehabilitating 
country boats, restoring road communications and acting as agents in 
noting and passing information concerning local famine conditions 
and outbreaks of epidemic disease ”. 


Early in 1945 grave concern was expressed regarding the output 
of Indian collieries at a time when it was of paramount importance 
that the production of coal should be stepped up. Malaria was ram- 
pant and was causing a tremendous increase in sickness and mortality 
in the mining areas. It was impossible to create a civilian anti-malaria 
organisation. Therefore, a DADM and two anti-malaria officers were 
employed in Jharia Raniganj field and one anti-malaria unit in the 
Pench Valley area. Six anti-malaria units were loaned to Bengal 
Government for use in malaria control when famine conditions threatened 
that province during the later months of the year. The malaria organisa- 
tion which was set up in 1945 to carry out control on the coal-fields 
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was, however, di i 
peda f , disbanded when the coal-fields welfare committee assumed 


Medical Organisation of the Indian Tea Associati 
Medical tion: The Indian Tea 
Association in 1942 set up an organisation for the supply of labour to 


assist the military in building roads, a mes, cam : 
erodro an 
refugees. > S, ps and evacuating 


The medical department of the association had to build hospitals 
and organise treatment, undertake malaria control and provide suitable 
drinking water for a peak number of 1,20,000 workers. They employed 
17 whole-time medical officers. There were 259 assistant medical 
officers, 270 compounders, 270 malaria officers, 1,040 dressers and menial 
staff. There were 6,884 labour deaths which were admitted 
for compensation. This gives a mean annual rate of 2:23 per cent. 
(a low rate) for the average number of 88,000 employed over the total 
period 1942-1945. Average daily sick-figure was only 3 per cent. 
and is comparable to military sick rate of 15 to 45 per cent. on the Mani- 


por mad during the vital period 'of the autumn of 1942 and spring of 


Medical Relief to Cwilian Personnel in Army Establishment: Under 
item N(iv) of para 257, Regulations for the Medical Service of the Army in India, 
families of Indian civilian personnel (gazetted and non-gazetted) mention- 
ed therein are eligible for medical attendance as out-patients or at their 
quarters. Families of other Indian civilians such as those employed 
in the military accounts, cantonment departments and ordnance factories, 
etc. are not entitled to these concessions. 


All members of the staff and workmen employed in ordnance 
factories were provided with free medical attendance. Each factory 
had its own dispensary and in some cases hospitals and casualty wards 
were also provided. In all factories qualified military medical officers 
were in collateral charge supported by an adequate staff of senior 
assistant surgeons, assistant surgeons and sub-assistant surgeons accord- 
ing to individual factory requirements. 


Up to the end of August 1945, 206 sub-assistant surgeons were 
deputed for recruiting duties, 19 for ordnance depots and 156 for ord- 
nance factories. From March to August 1945, 26 medical officers were 
also recruited for ordnance factories. 


Civil Hospital Accommodation: With the progress of war the demands 
for hospital accommodation increased, owing to influx of labour into 
industrial areas, and areas where military projects created a big demand. 
This demand was all the more difficult to cope with owing to shortage 
of hospital stores and equipment, medical staff and non-medical staff 
(well paid labour being easily available for them). Assistance from the 
military medical authorities was obtained in some cases but the result 
was only partially successful. 

Medical Manpower: The situation as it existed in 1941-42 is 
given in Tables XXIII and XXIV. 


5 Bertram, D. M. Medical History of the Eastern Frontier Projects. 1: Indian Tea Association, 


Registered medical practitioners—194 1-42, 
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TABLE XXIII 





Doctors registered 
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Province 
Graduates 
nn As 

Delhi . i 174 
North-West Frontier 

Province 121 
Sind 155 
Orissa 129 
Central Provinces and 

Berar r 279 
Assam 194 
Bihar 991 
United Provinces 1,627 
Punjab 1,994 
Madras 2,974 
Bombay 4,430 
Bengal 4,586 

Total 17,654 
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Licentiates | 


82 


161 
323 
535 


874 
1,165 
2,262 
2,421 
4,330 
5,056 
4,971 
7,690 


29,870 


Total 


256 


282 
478 
664 


1,153 
1,359 
3,253 
4,048 
6,324 
8,030 
9,401 
12,276 


47,524 


(Note: Population of British India 300 millions.) 


TABLE XXIV 
Medical officers employed for preventive health work in rural and urban areas— 
1 





Population 
Province ae 
Rural: Urban 

Coorg .. 157,508 | 11,218 
Baluchistan 401,168 | 100,463 

Central Provinces and | | 
Berar 14,719,817 , 2,093,767 
Sind 3,643,305 | 891,703 

North-West Frontier 
Province es 2,485,874 | 552,193 
Orissa .. - | 8,407,743 | 320,801 
Delhi 222,253 | 695,686 
Bombay 15,437,671 | 5,412,169 
Bihar 34,383,932 | 1,956,219 
Punjab 24,059,855 | 4,358,964 
Bengal 54,367,749 | 5,938,776 
Madras 41,476,927 | 7,864,883 
Assam . 9,924,111 280,662 
United Provinces 48,165,349 6,855,268 
Total .. | 257,853,262 | 37,332,772 
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1:10,773 
l: 9,487 


Medical officers 








rr e 


Rural 


——_——— -> e o o 





| 


Ratio of regist- 
ered Medical 
practitioners to 

population 


FA AAA a mT 


ado pa dde 








HEALTH OF THE INDUSTRIAL WORKER 757 


7 The proportion of medical 


: ractitioners son 1 
was obviously very low. 3 to population in the country 


If one takes into account the distributi 
; / E e distribution of 
the available medical practitioners in rural and urban areas one finds 


at least 70 to 75 per cent. of them ising 1 

3 pe ut. practising in urban tres. 
regards the medical practitioners engaged in public health SoH E 
rural and urban areas the picture is still more gloomy. 


It will be seen from the Table XXIV that the existing staff 


(curative and preventive) were altogether too small to provide adequate 
service to a large population. 


_ Military Medical Requirements: At the outbreak of war the military 
medical manpower in medical officers was as follows :— 


IMS in military employ pa .. 366 
IMS in civil ne Be 265 


IMD assistant surgeons in military employ 346 


IMD assistant surgeons in civil employ .. 93 
IMD sub-assistant surgeons in military 
employ .. 578 


IMD sub-assistant surgeons in civil employ 864 





Total E ex 2,012 


With the progress of the war more and more medical officers 
were required, and civilian resources were tapped. Towards the end 


of the war the army had employed 9,349 medical officers (including 
11 women and 1,166 civilians). 


Medical Relief in Factories (Other than Government): The number 
of doctors employed by industry to look after the health of the workers, 
therefore, must be very insignificant, not amounting to more than a couple 
of hundreds in the whole country. The increased participation of medi- 
cal men in the army depleted the industry of its medical manpower. 
Many employers had dispensaries but there were no qualified full-time 
medical men to administer them. Some employed a part-time doctor 
who visited the factory once or twice a fortnight or in some cases 
more often, just for an hour or so. Some factories had arrangements 
with private practitioners to whom the cases were referred. ‘There were 
only a few first rate factories who provided really good staffed hospital 
facilities, like the Tata Iron and Steel Company with 29 medical officers, 
the Delhi Cloth & General Mills, Kolar Gold Fields, Buckingham and 
Carnatic Mills, Madras, Assam Oil Co., Digboi, Class 1 Railways in 
British India and a few others. 


Generally speaking, however, the medical facilities provided 
by the employers were insufficient both in quantity and quality. 
Besides this, thousands of workers employed by contractors were totally 
denied any medical service except that which their own meagre resources 
in money could avail of. 


ORGANISATION OF MEDICAL PROFESSION IN WAR-TIME 


We have now come to a stage when it is possible to see in perspec- 
tive the problem of health of the industrial worker. We have seen that 
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World War 11 was a * Total War”. We have learnt something abopt 
the responsibility of military medicine, about the health problems in 
the general community, the hazards found in the working environment 
of the workers and the shortage of trained personnel in the profession, 
and of the rear-guard action of the war workers against time-loss in 
production drive. It has also been realised that our actual performance 
both at the beginning of the war and during the war fell far short of the 
immediate needs. We have seen that one of the many influences of 
war was the bringing of the disruption of community facilities, housing, 
medical facilities, food, clothing, recreation and other welfare services 
which threatened health and normal family life of the war workers. 
All this brings out into prominence a basic fact that there was little 
or no planning during war period for the health protection of our vast 
industrial army. 

The various agencies concerned with the preservation of health 
of the industrial worker like the Union Ministry of Labour, the central 
advisory board of health, the state public health departments, the state 
factory inspectorate staff, the state ministries of labour, the medical 
research advisory body, the military hygiene organisation all need to get 
together to evolve a common policy for health service in industry. 


It may be worthwhile to indicate the line of policy which should 
be observed for the organisation of such a health service im the event 
of a future war:— 

Experience of the last war. It is always good to learn on past achieve- 
ments and failures to find out the lacunae for future planning 
methods. To the physician, medicine in tropics offers interest, 
variety and an insight into the large scale problems which can 
hardly be obtained anywhere. The lesson which was perhaps 
most firmly driven home was the real meaning of hygiene and sani- 
tation.—Formation of an organisation "for effective mobilisation 
of the profession.—Drafting a scheme for co-ordination of medical 
service for civilians and for the services.—Policy of recruitment for 
the two.—Civuian and military needs during war.—Problem of 
demobilisation and rehabilitation of the medical personnel. 


The main problems created by war conditions are largely adminis- 
trative and social rather than medical. A hygiene service should take 
steps to provide for application of preventive medicine to industries 
both large and small by means of a comprehensive medical and hygiene 
service. 

Industrial health is an environmental health service. It differs 
from the purely personal services in that its aim is primarily that of 
ensuring that the conditions of work are satisfactory and conducive 
to health. The practice of industrial hygiene helps to maintain a 
healthy working force in maximum physical and mental efficiency. 


Today a comprehensive industrial medical policy is needed as a part of 
the general health service of the country. 


FROM WAR TO PEACE 


Medicine has played its part with coura 
ge and endurance and has 
achieved much in many fields of war work. Industrial medicine looks 
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backward over the seven years with pride for what it has done and for- 
wards to an unpredictable future with sober determination. The 
solution to the problems of health of the industrial worker depends on 
the evolution of a scientific spirit in people concerned with such 
problems. When such a spirit is in existence medical science can make 
great advancement. The danger to the advancement of medicine 
does not come from the masses of unthinking people. The danger 


comes from intelligent people who play a part in shaping medicine but 
who have not been educated to think rationally. 


In the interest of these workers it is essential that a committee on 
industrial health be appointed to recommend a programme and stimulate 
the development of an industrial medical service. ‘The recommendations 
should envisage a wider application to include industrial dental service, 
industrial nursing, plant sanitation, nutrition, health education for 
workers, work’s safety, mental fatigue and morale and hours of work. 
Other hygiene problems of labour force as clothing, food, lodging, 


mortality, morbidity, adaptation to climate and new conditions of 
life, can also be included. 


“ War, however, grim its reality and however imperative its claims, is 
only a passing phase in the course of history and the maintenance 
of health activities on the home front must not be neglected. Any 


serious reduction of health service during war-time should therefore 
be deprecated ”.£ 


6 Annual Report of the Public Health Commissioner with the Government of India for 1940, p. 2. 


CHAPTER XXXVII 
Civil Public Health Activities During 
the War 


The health services for the civil population in India were under 
the jurisdiction of the Department of Health whose chief technical adviser 
was the DGIMS. There was also the Public Health Commissioner 
with the Government of India who was always a member of the IMS 
and was the adviser to the Government on public health matters, and 
corresponded directly with the Health Department on this subject. 
He also acted as staff officer to the DGIMS and administered the 
Medical Research Department on behalf of, and in consultation with 
the DGIMS. The Public Health Commissioner also advised local govern- 
ments and provincial directors of public health when desired to do so 
and corresponded with the latter direct on all technical subjects. He 
also controlled the Medical Statistical Bureau and was responsible to the 
Government of India for port quarantine activities, the medical aspects 
of immigration, and for all international activities. 


When the war broke out the Public Health Commissioner had two 
officers, a Deputy Public Health Commissioner and an Assistant Public 
Health Commissioner. Throughout the period, work in the Public 
Health Section grew rapidly in volume and complexity, and lack of 
adequate technical assistance resulted in the piling up of considerable 
arrears, in spite of all concerned working for very long hours. ‘The 
establishment of a blood bank at the All India Institute of Hygiene and 
Public Health, Calcutta, the creation of an organisation for dealing with 
population movement in Assam Valley, the health problems which arose 
in connection with refugees from Burma and other arrangements like 
the training of military personnel and Chinese students in public health 
subjects added considerably to the work of the Public Health Section. 
During the later months of the year 1943 there were increasing signs of 
deterioration in the general health of the population of certain provinces, 
€g., Bengal, Madras, Orissa, Bihar and Assam, owing to the prevalence 
of epidemic diseases, difficulties in the matter of food production and 
distribution, and the general strain on available water supplies. This 
led to a large number of references by the various authorities to the 
Public Health Commissioner. Towards the end of 1943 some relief 
was afforded by the appointment of an Additional Public Health 
Commissioner, but in October 1943 the Government of India had set 
up the Health Survey and Development Committee to make a broad 
survey of the present position in regard to health conditions and health 
organisation in British India and to put forward recommendations for 
future developments, and work on this committee consumed a large 
part of the time of the Public Health Commissioner. The relief afford- 
ed by the appointment of the Additional Public Health Commissioner 
was not, therefore, as much as might have been anticipated. The 
course of events during the war underlined the impossibility of the 
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centre maintaining 
military organisatio 
problems of 
office staff. 


close contact with the provinces and with the 
tion and other civil departments interested in the 
public health in the absence of a reasonably adequate 


The additional posts for fifteen officers in the Public Health Section 
were sanctioned after April 1939. The date of sanction of each post 
given below will, however, show that they were made at a very late 
stage during the war, many of them after the war was over. 


Additional officers posts Date of sanction 
Additional Public Health Commissioner .. 30 December 1943 
Officer on Special Duty (Public Health) .. 25 February 1944 
Officer Supervisor (Public Health IT) .. 16 June 1944 
Medical Statistician ‘a . 16 June 1944 
Non-Medical Statistician ae 16 June 1944 
Additional Deputy Public Health Commissioner 

(Quarantine) .. T ; 
Additional Deputy Public Health Commissioner 

(Epidemics and Communicable diseases) 14 February 1946 
Additional Deputy Public Health Commissioner 


(Venereal diseases) T .. 14 February 1946 
Additional Deputy Public Health Commissioner 


2 May 1945 


(Publication) .. P .. 14 February 1946 
Nutrition Officer E vý . 14 February 1946 
Maternity and Childwelfare Officer 1 .. 14 February 1946 
Maternity and Childwelfare Officer 11 .. 14 February 1946 
Officer on Special Duty ( Industrial Hygiene) .. 14 February 1946 
Officer on Special Duty (Publications) .. 14 February 1946 
Officer Supervisor (Public Health 1) .. 6 February 1946 


In the provinces some of the directors of public health belonged to 
the IMS and some to the Provincial Service. All the IMS officers were 
recalled to military duties, a policy decision which was taken without 
any reference to the Public Health Commissioner with the Government 
of India. The provinces, which thus lost experienced directors of 
public health, included Bengal, Madras, Bombay and Punjab, four of the 
areas with the largest population in the country. 


The Port Health Officer at Calcutta was also recalled, and his place 
was ae. by a retired re-employed IMD officer. The Port Health 
officer at Bombay was similarly replaced by a retired re-employed IMS 
Officer. At Karachi, where the main air ports of entry into India were 
situated, the health officer continued in his existing appointment 
for some time and on his being moved to another post his place 
taken by an officer obtained from the military aan. "he 
enforcement of efficient quarantine for the prevention of ae po 
of yellow fever quickly assumed great importance, and at times t Poke 
involved increased considerably with tremendous rise + E : 
between Africa and India. o E Tara A poer 

e of war in securing for the Aur . 
a E pap because of the existing low scales of n ape i 
negotiations took place to overcome this difficulty an e gr g 


“a 
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of special pay or of several increments in the scale of pay for the post 
on first appointment became necessary. It was because of government’s 
decision not to revise the permanent scales of pay that such methods of 
meeting the situation had to be resorted to. The delays that occurred 
in making suitable appointments might have had disastrous consequences 
if, as the result of the sudden increase in air traffic which passed through 
the yellow fever infected areas of Africa, inadequacy of control at Karachi 
had resulted in the introduction of yellow fever infection. Fortunately 
this did not occur. It would be unwise not to draw attention to these 
facts and to emphasise the need for a new approach for dealing with such 
situations. In order to fulfil its responsibilities in enforcing quarantine 
against the introduction of yellow fever, which is of vital importance 
to India, the Health Department should have a block grant at its 
disposal, which can be utilised for taking immediate steps to raise the 
necessary additional staff or provide other measures as and when 
required. 


From the above, it should be clear that one of the main problems 
which the public health advisers to the Government of India were 
called upon to face was that of discharging certain administrative and 
advisory duties in the absence of adequate staff. The policy of general 
recall of experienced civil surgeons and administrative officers such 
as directors of public health seems strange when it is considered that 
the total number of these officers was a fraction of the percentage of the 
total strength of the military medical services. That a decision which 
involved the recall of directors of public health from provinces, which 
are in themseives of the size of many European States, should have been 
taken without taking the opinion of the Public Health Commissioner also 
seems peculiar. It is of course by no means contended that had these 
officers remained in their posts the disasters of 1943 and 1944 would 
have been averted, but it does not seem unreasonable to assume that the 
worst effect of these disasters might have been mitigated had there been 
more experienced officers in these various places. 


_ The machinery which existed before the war for the collection 
of information regarding the state of public health was deficient and 
inefficient ın practically every province. When hostilities broke out there 
was a tendency for information to be even less accurate and to be receiv- 
ed with even greater delays than before. It should be borne in mind 
that the ultimate responsibility for civil health in these areas vested in 
the various provincial governments concerned, and also that the 
central health authority in the absence of special arrangement was 
not in a position to offer anybody from its own staff to conduct a special 
enquiry or to assist in devising machinery designed to ascertain the 
facts, It seems curious that the Bengal disaster should have apparently 
burst on the medical and public health authorities in that province 
without their having had any previous knowledge of the imminence of 
the disaster. This suggests that some radical overhaul of the arrangements 
n e areas was more than overdue and that proposals to this end 
which were advanced by the Centre after close observation of facts might 
have received speedy implementation. 
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Reference may also be made to arran iai 

i ) gements for liaison i 
g questions with local and allied service authorities, These tend. 
ed to be a little haphazard and were largely dependent on the personalities 


el ae oS to this is the co-operation which 
ned e = q oritics during the Bengal Famine. 
este Faro cel rabis 7 places large numbers of military personnel 

: placing a very great strain on existing amenities 
of water, housing, food, etc. There is no record in the office of the 
Public Health Commissioner to suggest that in any of these instances the 
civil health authority was specifically consulted. It was not possible 
for the central health authority to keep in touch with developments 
of this nature in many big cities and rural areas where the troops inevit- 
ably had to go in large numbers. This would seem to indicate that 
there might have been discussions between the GHQ and the civil 
central health authority regarding movement and posting of troops 
in civil areas. On the whole there was an attitude that all military 
requirements were over-riding, an attitude which in view of the turns 
that events took during the war from time to time was not unnatural, 
if on occasions a little unreasonable. Liaison with the allied service 
authorities concerned chiefly the United States medical authorities, 
which from the beginning were of the most cordial nature. The 
Public Health Section had some connection with the Chinese authorities 
though mostly in the way of offering to them facilities for training indi- 
vidual personnel. There was also close collaboration between the Public 
Health Section and the Director of the International Health Division 
of the Rockfeller Foundation in the Far East and his New York authorities. 


There are in brief some aspects of the administrative background, 
which conditioned the activities of the Public Health Section of the 
office of DGIMS. For the purpose of this review it seems convenient 
to narrate important activities of the Public Health Section individually 
dealing with the developments of each resulting from the war as they 
arise. The following main public health activities are discussed below :— 
the correlation of civil quarantine requirements with the demands of 
military traffic at seaports and airports, epidemics and other health 
problems caused by war-time shortages and other war-time conditions 
and steps taken and arrangements made for the supply of essential 
material for helping the provincial governments in the successful combat- 
ing of epidemics, arrangements designed to maintain and improve existing 
food standards and supplies for civil population and liaison on nutrition 
problem with military authorities, supply of essential material for 
combating epidemics, arrangements for the reception and maintenance 
of displaced persons, arrangements to set up special services required 
to meet military and civil emergencies, war activities of the public 
health departments of provincial governments. 


THE CO-RELATION OF CIVIL QUARANTINE REQUIREMENTS WITH THE DEMANDS 
OF MILITARY TRAFFIC AT SEAPORTS AND AIRPORTS 


The accepted system, which was laid down under the law, was 
that His Majesty’s ships and ships of Allied countries were exempted 
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from the quarantine requirements of the Government of India. Such 
Ships included not only war ships of various categories but also hired 
transports. To deal with the latter the military organisation maintain- 
ed a medical embarkation staff. In principal seaports this staff worked 
in the closest co-operation with the civil authorities. The problems 
which the civil staff had to deal with concerned items such as the inspec- 
tion of vessels with a view to determining their rat population; the 
inspection and disinfestation of vessels, the inspection of crew and their 
provisions, and the inspection of persons leaving India prior to their 
departure and sick persons on the arrival of a vessel. Just prior to 
the outbreak of the war there had been introduced a system of dis- 
infestation by the use of cynogas, but this in earlier days of the war had 
to be discontinued on account of security reasons and non-availability 
of trained staff. Much additional labour was thus thrown on the staff 
in Bombay to carry out disinfestation with the means at their disposal 
on hired transports. The authorities connected with the Indian 
Cotton Committee placed their fumigation barges at Bombay on many 
occasions, which was of great help. 


Great difficulty was experienced due to lack of transport by the 
officers employed on these duties both on sea and on land. In October 
1941, a small cyclone sunk the port health launch in Bombay and it took 
from that time to the later part of 1944 to make reasonable arrange- 
ments for the transport of the port health department staff on sea. 
Similarly the system whereby the staff were left in war-time to find their 
own way over many miles of docks in Bombay and also in Calcutta with 
such transport as they might be able to pick up only decreased efficiency. 


The advent of shipping control led to a certain amount of confusion 
since a ship which was legally a hired transport would be carrying at 
the same time large number of civilian passengers, while ships which 
later were held to be really ‘civil’ ships carried military passengers. ‘The 
liaison which was established with the military authorities went a good 
way towards solving some of the difficulties which arose in this connection. 


It was also necessary to make arrangements for the reception 
of evacuees from Burma and Malaya coming to India by sea, and these 
were made in close collaboration with the military, naval and civil 
authorities. The number of evacuees coming by sea was fortunately 
much smaller than anticipated, but they were considerable. 


_ The rules governing Government of India’s health requirements 
against incoming and outgoing maritime and aerial traffic are embodied 
in the Indian Port Health Rules, 1938 and the Indian Aircraft (Public 
Health) Rules, 1946 respectively. In the year 1937, when the Central 
Government took over from the various provincial maritime governments 
(Madras, Bengal and Bombay) the responsibility for the administration 
of quarantine work at the major seaports in India, they issued the Indian 
Port Health Rules, 1938 to replace the uniform set of Port Health Rules 
bo had been issued by all the provincial maritime governments in 

7 to carry out the quarantine work at the ports under their respective 
atom As at the time of the outbreak of war, the Indian Aircraft 
(Public Health) Rules, 1940 were in the draft stage, Indian. Aircraft 
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a eae OS Rules, 1939, were issued to tighten up the 
a 8 control against the introduction of yellow fever into India 
ov 8 T e ys rae gin En ge fever infected zones of 
a. ra ublic Health ) Rules, 19 j 
o brought upto date by the issue oy the Bay Aircraft 
( ee Rules, 1946 and the Indian Port Health Rules, 1938 
peels ivided mainly into two parts dealing with the incoming and outgoing 
7 c respectively. The portion dealing with incoming traffic provides 
or and gives details of quarantine restrictions against yellow fever 
plague, cholera, typhus and smallpox. In addition to the above men- 
tioned diseases, the Indian Port Health Rules also provide for quarantine 
restrictions against jigger, influenzal pneumonia, chickenpox, cerebro- 
spinal meningitis, diphtheria and relapsing fever. Except yellow 
fever, all the other diseases, against which provision is made in the 
two sets of rules for quarantine restrictions, were already prevalent in 
India in a greater or lesser degree, Government of India’s health 


requirements against maritime or aerial traffic were, therefore, mostly 
directed against yellow fever. 


Though India has so far been free from yellow fever the 
conditions required for its spread are extremely favourable in the 
country; Aedes aegypti ( the species of mosquito which is a carrier of 
yellow fever infection ) is abundant; there is a large population of 
monkeys which are susceptible to yellow fever and which can, therefore, 
act as a reservoir of infection, once it is introduced, and the human 
population is also highly susceptible. The Government of India were, 
therefore, very particular in taking all possible steps to prevent the 
entry of the disease into the country and to insist on the strict imple- 
mentation of the yellow fever provisions of the Indian Aircraft ( Public 
Health ) Rules, 1946 and the Indian Port Health Rules, 1938. The 
rigidity with which the Government of India enforced their require- 
ments in respect of yellow fever, had on many occasions brought forth 
strong protests from some foreign governments as well as from some 
highly placed individuals but as the government was fully alive to the 
disastrous consequences that would befall the country, if this disease were 
to be unfortunately introduced, they consistently and firmly refused to 
relax any of their restrictions against yellow fever. Even under the stress 
of conditions brought about by the war, when there was a very heavy 
traffic coming to this country, by air, from or through yellow fever infec- 
ted areas of Africa and when there were large movements of troops from 
one place to another, the Government of India, while fully co-operating 
with the military authorities in every possible manner, continued to 
maintain a strict watch over the preventive measures against this disease. 


The Indian Aircraft (Public Health) Emergency Rules, 1939, 
laid down that no yellow fever infected aircraft should land, for the first 
time on entering India, at any place other than Karachi airport in the 
case of land-planes and Karachi marine airport in the case of sea-planes, 
They also provided for the isolation and observation in mosquito- 
proofed isolation hospital at Drigh Road, of persons suffering or suspected 
to be suffering from yellow fever as well as of uninoclulated persons who 


had been exposed to the infection within the preceding nine days and who 
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India in contravention of the rules. The provisions of these 
ane rules were later incorporated in the Indian Aircraft (Public 
Health) Rules, 1940, which were promulgated in June 1940. 


To advise the Government of India on technical matters connected 
with yellow fever control and to formulate plans for meeting a possible 
outbreak of yellow fever in the country, the DGIMS formed a special 
Yellow Fever Committee in December 1939 consisting of the DGIMS, 
Public Health Commissioner and the Directors of the Central Research 
Institute, Malaria Institute of India and the School of Tropical Medicine, 
The composition of this committee was subsequently changed and was 
as follows: DGIMS, Public Health Commissioner, Directors of Central 
Research Institute, Malaria Institute of India, Haffkine Institute, 
All India Institute of Hygiene and Public Health and King Institute. 
Details of the important recommendations made by this committee and 
action taken on them are given below:— 


Although every possible precaution was being taken by the Govern- 
ment of India to prevent the introduction of yellow fever into the country 
it was considered advisable to prepare a plan of action, which could be 
put into operation in the event of an outbreak. A memorandum was 
prepared indicating the measures that should be taken by the central 
and provincial governments during such an emergency. The memoran- 
dum also describes the preliminary action to be taken to ensure that 
control measures, where necessary, can be put into effective operation 
without delay. These preliminary measures include the issue of a noti- 
fication by the provincial governments under the relevant provincial act 
notifiable in all urban areas, and as far as possible, in all rural areas, a 
case or a suspected case of yellow fever; the issue of instructions by the 
administrative medical officers to hospitals and dispensaries, official 
and non-official, and to private practitioners, for obtaining a specimen 
of blood from suspected cases and if the case proves fatal, a specimen 
of liver material, for examination; wide distribution among medical 
officers of copies of memorandum entitled “ Yellow Fever ” and of the 
“Yellow Fever Diagnostic Charts’ which were issued by the DGIMS, 
the earmarking of mosquito wards in certain hospitals for the isolation of 
yellow fever cases and contacts in the event of an outbreak and the issue 
of viscerotomes to the administrative medical officers. 


__ it was arranged that in the event of a suspected case of yellow fever 
being reported, the DGIMS should despatch a diagnostic unit to the 
scene from the Central Research Institute, Kasauli or the School of 
Tropical Medicine, Calcutta or the King Institute, Guindy or the 


Haffkine Institute, Bombay as well as a mosquito control unit from 
the Malaria Institute of India. 


Attached to the ‘ Mobilization Plan’ was a model set of Yellow 
Fever Emergency Regulations which, on the occurrence of a case or 
Suspected case, were to be published under the Epidemic Diseases 
Act by the provincial governments concerned. Copies of the Mobiliza- 
tion Plan and the Emergency Regulations were forwarded to the various 
provincial governments by the late Education, Health and Lands 
Department in 194] for circulation in the provinces. To fall in line with 
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ie ee the civil side, instructions similar to those outlined 
a A wee sent by the Government of India to the various 
s g nments were also issued by the GHO to the various 

ary commands in India. The Mobilization Plan was further revis- 


ed. at the eighth meeting of the Yellow F p i i 

; ever Committee and 

of the revised plan were forwarded to the provincial venient. S 
Originally the Y 


ellow Fever Committee recomm 
stocks of yellow fever vaccine should be obtained to eine ce 
likely to be employed to deal with an outbreak of yellow fever in the 
country. Small quantities of the vaccine were accordingly obtained from 
the Wellcome Bureau Institution, London. Later on, however, the com- 


muttee considered that sufficient stocks of yellow fever vaccine should be 
built up to inoculate persons going out of the country and to be used in 
case of an outbreak of yellow fever in India. The Rockfeller Foundation 
very kindly agreed to help the Government of India in this matter and 
offered to give vaccine free of cost. Large stocks of the vaccine were thus 
obtaihed and kept in reserve at the All India Institute of Hygiene and 
Public Health, Calcutta and the Haffkine Institute, Bombay. Facilities 
for yeHow fever inoculation were also made available at four other places 
in the country, viz, Central Research Institute, Kasauli, King Institute, 


Guindy, Provincial Laboratory, New Delhi and the Airport Health 
Office, Karachi Airport. 


On the recommendation of the Yellow Fever Committee, the 
possibility of obtaining the assistance of expert staff with experience of 
the manufacture of yellow fever vaccine from the Rockfeiler Foundation, 
to enable manufacture of the vaccine to be undertaken in India, was also 
explored. As the Rockfeller Foundation were unable to spare the ser- 
vices of an expert, it was suggested that training may be given to an 
Indian bacteriologist. Accordingly the Director, King Institute, 
Guindy was deputed to USA for necessary training. The equipment 
required for the manufacture of the vaccine was also obtained from USA. 
A separate wing was constructed in the King Institute, Guindy for the 
purpose and arrangements were made for the manufacture of yellow 
fever vaccine in India, in a specially designed laboratory called 
the Virus Laboratories, Guindy. 


On the recommendations of the Yellow Fever Committee it was 
also arranged to maintain a reserve stock of following articles at the 
Medical Stores Depot, Bombay and Calcutta and at the Port Health 
Office, Karachi to be ready for immediate issue in case of an outbreak 
of yellow fever in the country. l 


Shelltox sprayers pi qn .. 50 
Sprayer (petrol driven) .. “is ow E 
Sprayer (electric) ss * 7 es l 
Pyrethrum extract 2 per cent. pa .» 40 gallons 
Anti-mosquito cream .. es .. 10 lbs. 


Periodical certificates to the effect that these stores were being 
maintained in good condition were received from the authorities concern- 
ed and arrangements were made at regular intervals for the turnover of 
the time-expired stocks of pyrethrum extract and anti-mosquito cream. 
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As visualised in the Mobilization Plan, certain wards were 
earmarked in the following hospitals in Bombay and Calcutta to be used 
in case of an outbreak of yellow fever in this country: 


Arthur Road Hospital, Bombay 

St. George’s Hospital, Bombay 
Medical College Hospital, Calcutta 
Presidency General Hospital, Calcutta 


The necessity of controlling the breeding of aedes mosquitoes 
especially in those ports which were likely to be infected with yellow fever 
was considered to be a very important and most effective factor in the 
general scheme of preventive measures against yellow fever. To reduce 
aedes index at the major ports of Bombay, Calcutta and Karachi to a safe 
limit, schemes for mosquito control measures were drawn up by the 
Director, Malaria Institute of India at the request of the Yellow Fever 
Committee. It was also recommended by the Yellow Fever Committee 
that instead of the Port Trust, the Port Health Officer should be in charge 
of the supervision and the control of sanitation including the mosquito 
control in the port areas. Due to pressure of other work during the war, 
however, the schemes drawn up by the Director, Malaria Institute of 
India could not make much headway. Arrangements were later made to 
start work on the scheme for Bombay. 


A ruling from the Air Ministry of the United Kingdom and the 
War Department of the USA, to the effect that the requirements of the 
civil authorities were to be held to be over-riding, much facilitated 
quarantine control over aircraft. Without such a ruling efficient 
control could not have been exercised. Throughout the war, the 
military including the American forces stationed in India and the civil 
health authorities in India worked in close collaboration for the strict 
observance of Government of India’s health restrictions in general and 
in respect of yellow fever in particular. Though both the civil and 
military authorities were working under great stress, appreciation of 
each other’s difficulties helped in finding out a satisfactory solution of 
many difficult problems connected with large movement of troops 
specially as both sides were fully alive to the danger that would ensue 
by the introduction of yellow fever into India through any relaxation 
of health restrictions. 


In 1942 the War Department of the Government of USA made 
a request to the Government of India that to facilitate the movement of 
large bodies of troops, the Government of India may agree to accept a 
single certificate of immunity against smallpox, typhoid, paratyphoid, 
tetanus and yellow fever to be tendered by the officer commanding in 
regard to all personnel under his command entering India by sea or air. 
As no evidence of immunity against any of the diseases mentioned above 
was required in respect of persons coming by sea, the Government of India 


agreed to the request made by the USA Government subject to the 
following conditions :-— 


(i) That if evidence of immunity is at any time required from persons 
entering India by sea, Officer commanding granting mass 
certificates will be in a position to certify that they have had in 
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their possession and have checked, either personally or through 
a responsible officer, the immunisation records of their men 
and that they will give such particulars of the dates of inocula- 
tions as will permit the Indian quarantine authorities to satisfy 
themselves that all personnel covered by a mass certificate 
comply with the rules in force at the time. 

(11) That, if a case or a suspected case of an infectious disease occurs 
in a ship during its voyage to India the American authorities 
wili have no objection to the normal precautionary measures, 
as for example the reinoculation of contacts prescribed by the 
Indian rules in force, being taken by the quarantine authorities 
in consultation with the United States Army medical authorities. 


The Government of India did not agree, however, to this request 


with regard to persons coming by air and insisted that valid certificates 


of inoculation against yellow fever must be produced by each individual 
as required under the rules. 


The United Kingdom Inter-Departmental Committee on Yellow 
Fever Control recommended that during the war emergency, a system 
of “ Certificates of Urgency *” should be established whereby persons 
unprotected against yellow fever and essential to the war effort should 
be allowed to pass through endemic yellow fever areas without delay. 
Such certificates were to be issued only in most exceptional circumstances. 
The Government of India agreed to such certificates being issued but 
refused lo give unimpeded passage, in India, to the holders of such 
certificates. In accordance with the general policy, the Government 
of India required that where such persons arrived within the prescribed 
nine days period, from any yellow fever infected area, they would 
undergo the usual quarantine restrictions. 


Problem arose in connection with requests to overfly Karachi, 
and the attitude invariably taken was that permission to overfly should 
be refused. There was one exception to this, which concerned a very 
important flight of American bombers. Special arrangements were laid 
down to deal with this flight. 


At the end of the war the East and West African Governments 
wanted that before return to their country their troops serving in India 
should be inoculated against yellow fever. As the number of persons 
to be inoculated was very large, arrangements were made, to train 
some military medical officers at the Haffkine Institute, Bombay, in the 
technique of administration of yellow fever vaccine who carried out the 
inoculation work in the case of West African troops. Inoculation of 
the East African troops was done by the staff of the All India Institute 
of Hygiene and Public Health, Calcutta. 


At the end of 1944 the question of granting exemption from yellow 
fever restrictions to aircraft and personnel involved in the regular 
trooping programme was considered and it was decided that subject to 
the following conditions such aircraft and personnel should be exempted 
from yellow fever restrictions :— 


(i) The aircraft employed on trooping operations will not pass through 
a yellow fever area en route to or from India. 
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(ii), The aircraft will not pick up personnel en route from the United 
Kingdom to India. er 

iii i rantine measures will not a to air- 

a Tie ee toed Ki ngdom other than Moras lsr 

(iv) The Public Health Commissioner will be notified before the com- 
mencement of the operations. 

(v) The Airport Health Officer will be permitted to maintain a record 
of the aircraft arriving and exempted from quarantine measures 
under this agreement. 

(vi) Notwithstanding the agreement the Airport Health Officer will 
have the right to inspect any particular aircraft on arrival 
whether trooping aircraft or otherwise and to apply quarantine 
measures if he considers it desirable to do so. 


In order to safeguard against the possibility of introduction of 
yellow fever into India, through infected monkeys, the Govern- 
ment of India prohibited the bringing into any port or place in India 
by sea, land or air of monkeys except when special permission was 
obtained beforehand. As certain varieties of monkeys in India are 
highly susceptible to yellow fever, the export of monkeys from India 
was also prohibited except under licence, in order that there may be 
no possibility of monkeys being exported from India and reintroduced 
into India after being infected with yellow fever. 


Rule 9 (iii) of the Indian Aircraft (Public Health) Rules, 1940 
provided that if an aircraft after landing or touching at a yellow fever 
infected area had obtained disinsectisation certificate from the Director 
General of Egyptian Quarantine Administration or from the DMS, 
Anglo-Egyptian Sudan or from an officer authorised by either of these 
directors, it will not be regarded as infected with yellow fever. In 
1944 the Government of India deputed one of their officers to report on 
the method of disinsectisation followed at Cairo and Khartoum, and on 
the basis of the report made by that officer it was decided to withdraw 
Government of India’s recognition of the disinsectisation certificates 
issued at Cairo and Khartoum. This created difficulties for the air 
companies operating on this route as many of their aircraft thus came to 
be regarded as infected with yellow fever and were treated accordingly 
on arrival in India, Inconvenience was also caused to persons boarding 
such aircraft between Cairo and Karachi as there were no facilities for 


yellow fever inoculation at any of the places between Cairo and Karachi 
and without valid certificates of yellow fever inoculation these people 
were hable to be detained at Karachi Airport. To overcome this 
difficulty arrangements were made, with the help of the RAF authorities 
in the Middle East, to provide facilities for yellow fever inoculation at 


Jerusalem, Lydda, Baghdad, Basra, Bahrein, Aden, Masirah and 
Salalah. 


India’s main line of defence against danger of introduction of 
yellow fever into India through sea traffic has been the fact that ships 
coming from the east coast of Africa to India, take more than nine days 
to reach Indian shores. The internationally accepted incubation period 
of yellow fever is six days and any person developing the disease is 
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haem to mosquitoes for the first three days of illness only. Further 
e main sea traffic to India from Africa was from Mombasa in Kenya 


colony which was then free fr : : 
however, apprehended om yellow fever infection. Danger was, 


in case yellow fever infection a 
the east coast of Africa pproached towards 


rica as it would be possible in that case for persons in 
Africa to reach India within nine days. In June 1944, hawai intima- 


tion was received that a case of yellow fever had occurred in Kitale 
(Kenya colony). Action was taken immediately to declare Kenya 
as an infected yellow fever area for the purpose of the Indian Aircraft 
(Public Health) Rules, 1940, but similar action could not be taken 
in respect of the Indian Port Health Rules, 1938 as there were difficulties 
in the way of implementation of the provisions of these rules. 
Immediately, therefore, the Government of India convened a conference 
of the shipping agents concerned with Africa-India Sea Traffic, and 


1t was decided to take the following precautionary measures with effect 
from 1 June 1944, 


(1) The crew of all ships operating on the East African route should 
be inoculated against yellow fever. Arrangements for such 
inoculation were made by the government with the Haffkine 
Institute, Bombay. Later on when it was found that the number 
of inoculations to be carried out was very large, a special staff 
of one medical officer, two laboratory assistants and two 
laboratory attendants was sanctioned. 


(ii) That all passengers coming from Africa should be in possession 
of valid certificate of inoculation against yellow fever. “To 
implement this decision it was decided that in addition to the help 
of the shipping companies, the co-operation of the governments 
concerned should be obtained. Accordingly the Government 
of India addressed the Governments of South Africa, Tanganyika 
Territory, Kenya and Portuguese East Africa in the matter who 
readily agreed to co-operate with the Government of India in 
exercising strict control over persons boarding for India at their 
ports. 


(iii) That ali ships arriving from Mombasa should not go direct to any 
other port except Bombay or Karachi. 


It was also decided to investigate the question of mosquito popula- 
tion on board ships and a mosquito catcher was deputed by the Govern- 
ment of India to undertake a voyage from India to Durban and back. 
The results of this survey, though not conclusive, indicated that mosquitoes 
including Aedes aegypti could be conveyed on board ships. 


It was brought to the notice of the Government of India that 
aircraft likely to be infected or suspected to be infected with yellow 
fever were flying direct from Africa to Ceylon and some of the aircraft 
and passengers were subsequently entering India. This brought home 
the danger of introduction of yellow fever into India from Africa. 014 
Ceylon and necessitated an examination of the adequacy of quarantine 
measures adopted by the Ceylon Government against traffic from Africa. 
The Public Health Commissioner visited, Ceylon in this connection in 
August 1944 and arranged that the civil administration in Ceylon 
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should be responsible for yellow fever control work in Ceylon. l Pendin 
the establishment of civil control, the RAF authorities in Ceylon instituted 
certain temporary measures against the entry of yellow fever and also 
agreed to give all assistance to the civil authorities in setting up their 
yellow fever control scheme. Ceylon authorities were, however, not 
able to make much progress with their anti-yellow fever precautions, 
and it was decided to depute another officer in November 1945 to find 
out what action was taken by the Ceylon Government to give effect to 
the suggestions made by the Public Health Commissioner. It was found 
that the Government of Ceylon had not assumed responsibility for health 
control of air traffic between Africa and Ceylon. The need for doing 
this was again stressed and suggestions for the setting up of an efficient 
yellow fever control organisation were “also communicated to the 
Government of Ceylon. 


EPIDEMIC AND OTHER HEALTH PROBLEMS CAUSED BY WAR-TIME SHORTAGE 
AND OTHER WAR-TIME CONDITIONS AND STEPS TAKEN AND ARRANGEMENTS 
MADE FOR THE SUPPLY OF ESSENTIAL MATERIAL FOR HELPING 
THE PROVINCIAL GOVERNMENTS IN THE SUCCESSFUL 
COMBATING OF EPIDEMICS 


Except in the centrally administered areas, the central health 
department has no direct responsibility towards the control of epidemics 
other than that they are expected to act in an advisory capacity when 
the occasion may appear sufficiently serious as to suggest a visit to the 
province concerned. Epidemics in the early stages of the war were 
fortunately not more severe than those normally experienced in India, 
but apart from the Bengal tragedy many other provinces in the later 
Stages experienced devastating epidemics of cholera and smallpox. 


In view of the possibility of the spread of epidemics from areas 
subjected to air raids, the epidemics situation in the different provinces 
was Closely watched. A continuous study of the weekly epidemiological 
figures from the provinces was carried out. The provincial laboratories 
were required to supply monthly figures showing total stocks of cholera, 
plague and TAB vaccines as well as their existing stocks of ampoules 
and their annual requirements. The information supplied by the 
directors of the provincial institutes and the directors of public health 
concerned was reviewed and in view of the necessity for providing 
against widespread outbreaks of cholera, it was decided to advise the 
provincial institutes to build up progressively their stocks of cholera 
vaccine to specific levels and to maintain them at those levels. 


A scheme for organising epidemic units to be maintained by the 
Central Government, for duty in the provinces, in the events of large 
scale outbreaks of infectious diseases resulting from the conditions 
associated with the war, was formulated, in the middle of the year 1942, 
and these units played an important part in matters relating to the 
health problems arising in the refugee camps of Burma and evacuees. 


Cholera: With the mass movement of the 
population from Burma, 
in the year 1942, and an influx of labourers from other provinces, there 
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was a heavy outbreak of cholera in B 1 ae 
dive encarar engal and Assam. Vigorous preven- 


the Health D 
the epidemic to other ane e epartment to check the spread of 


as and inoculation among the civil population 
was conducted on a large scale. : vin 


on The refugee camps were provided with 
relief units consisting of medical and public health parties who did most 
useful work among the refugees 


ees in that area, and carried on a most 
successful anti-cholera campaign in the camps. In connection with 


the prevention of cholera, the Health Department was responsible for 
arrangements involving the provision of a large stock of cholera vaccine 
and bleaching powder for chlorination of water supplies. 


Influenza: As a result of the outbreak of influenza in the United 
Kingdom in 1943, the prevalence of the epidemic in India was apprehen- 
ded to a great extent. The problem engaged the serious attention of the 
health authorities as one had in mind the terrible influenza epidemic 
of 1918, which was reported to have commenced concurrently in New 
York City and Bombay and carried away millions of people from 
India. The DGIMS accordingly asked the Health Department of 
the Government of India that arrangements should be made with the 
Secretary of State for day to day reports by cable from the United King- 
dom authorities on the prevailing state of the epidemic generally and 
especially the mortality and attack rates and the type of the disease. 
A request was also made to the Government of India to make arrange- 
ments to receive information by cable, from South Africa, Gibralter, 
Egypt and Algiers as to any signs of influenza appearing in those places, 


In addition to this, in respect of major ports and aerodromes it was 
recommended to the Government that:— 


(i) all incoming ships and planes on which cases of influenza existed 
or where suspected to exist, should be examined by the port 
quarantine authorities before the vessel makes contact with the 
land, 


(ii) all infected vessels and planes to be held in quarantine for ten 
days, and 

(iii) arrangements should be made to remove cases and immediate 
contacts from vessels and planes to quarantine camps ashore. 


Telegraphic instructions were also sent out to major seaports and 
airports requesting them to inform the Public Health Commissioner at 
once about the outbreak of influenza in these places if and when it 
occurred. 


Happily the epidemic did not come near the shores of India, 
and in early 1944 the reports received from the Secretary of State for 
India showed that the epidemic in the United Kingdom was of a 
mild nature and that undue incidence of the disease had ceased. The 
restrictions imposed on the ships and planes, referred to above, were 
accordingly relaxed but the directors of Public Health were still asked 
to continue to keep a close watch on the incidence of influenza and report 
to the Public Health Commissioner by wire, of such occurrences, if any. 


ba 
Tybhus: In February 1941, the Port Health Officer, Bombay, 
M gar reported to the Public Health Commissioner that Italian 
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prisoners of war arriving in India appeared to be heavily infested with 
lice; that one of the ships carrying those prisoners needed extensive 
disinfestation and that delousing measures adopted prior to the embarka- 
tion of these prisoners required improvement. A reference was 
immediately made to the DMS in India suggesting, that if conditions did 
not permit of these prisoners being disinfested in the Middle East 
before embarkation, effective measures should be taken to have this 
operation carried out as soon as possible after landing. It was also 
suggested that the rolling-stock employed for the transport of these 
prisoners should be cleansed by a strong insecticide to ensure that any 
lice remaining in the carriages were killed. The army authorities 
issued instructions for cleansing of rolling-stock with 2 per cent. cresol 
solutions. The Middle East authorities were requested to help by dis- 
infesting prisoners of war prior to embarkation and during voyage if 
possible. Instructions were also issued to the authorities concerned 
in India to carry out disinfestation of prisoners of war on arrival at 
prisoners of war camps in India. 


Nutrition: Both the Indian Research Fund Association through 
the Nutrition Advisory Committee, and the Central Advisory Board 
of Health had urged on provinces the necessity of setting up adequate 
nutrition organisations, A few provinces had appointed nutrition 
officers, but these received inadequate financial and staff assistance. 
The result was that in the early years of the war, no real attempts were 
made to ascertain the nutrition condition of the people. The respon- 
sibilities of the Government of India with regard to the state of nutrition 
of the people were largely centered on the production and distribution 
of food, duties which were entrusted to the Food Department in 1942. 
This department interested itself in drawing up schemes for the introduc- 
tion of rationing in various areas. In some areas, but for these efforts, 
it is reasonable to assume that there might have been considerable 
scarcity and disease. A notable example in this connection is the 
province of Bombay, where arrangements were instituted by the govern- 
ment which were undoubtedly in considerable advance over those of any 
other part of India. Measures taken in the Madras Province were not 
altogether as successful as those in Bombay, and the course of events in 
Bengal are too well known. This item which really concerns the acti- 
vities of the Food and Agriculture Department has been especially 
mentioned here, because in most countries, the central health authorities 
are closely connected both in peace and in war with proposals designed 
to maintain or improve the nutrition state of the population. It may, 
however, be added that the central health authority of the Government 
of India at that time could not offer that assistance, which might have 
been expected on account of the paucity of trained expert staff. 


Bengal Famine: During 1943 and 1944 India began to be affected 
by war conditions to an extent much greater than anything that had 
prevailed before. This was observable in many directions; a steady rise 
in the cost of basic food; shortage of materials and considerable increase 
in the cost of many articles normally considered essential such as material 
for clothing, Shoes, etc., while the very considerable expansion in war 
industries aggravated conditions of serious overcrowding in the majority 
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of urban areas. These events culminated in 
famine conditions through 


also affected severely an 
similar conditions. 


Famine is of itself not a problem for health administrators since its 


a 1s primarily dependent on the total quantity of food available 
and facilities for its distribution. Health administrators are, however, 
vitally interested in any condition of famine, since, unfortunately it is 


inevitably associated with the appearance of epidemic disease due to 
causes Other than the mere lack of food and events of the later part of ` 
1943 and the early part of 1944 followed this sequence. In the most 
affected area, Bengal, there occurred a health disaster of considerable 
magnitude and the Bengal Famine of 1943 stands out as a great calamity 
even in an age all too familiar with human suffering and death on a 
lagre scale. Between one and two million people died as a result of the 
famine and the outbreaks of epidemic diseases associated with it. Many 
more who escaped death went hungry for many months, and suffered 


in other ways from sickness and disintegration of normal life which the 
famine occasioned. 


the development of acute 
A out most of Bengal. Parts of Madras were 
Orissa and the State of Travancore experienced 


The famine seriously affected only the province of Bengal. 
During the early months of 1943, there were reports of distress from 
various parts in Bengal and apprehension on the part of district officers 
that famine was imminent. In May and June 1943, it became clearly 
evident in the eastern districts and a steep rise in mortality began to occur. 
By July most of rural Bengal was involved. From this point onward, 
the number of deaths rose rapidly and the peak was reached in December 
1943. The death rate remained high throughout the greater part of 
1944 though the famine conditions ceased to exist during the closing 
months of 1943. Severe epidemics of malaria, smallpox and cholera 
accompanied the famine. Of these diseases malaria caused the greatest 
number of deaths. 


A famine stricken population is a sick population. Famine means 
not only lack of food in quantitative sense but also lack of essential 
food constituents which are needed for bodily health. Insufficiency of 
food impairs the hody, increases susceptibility to infection and reduces 
resistance to disease. The ill-nourished and debilitated individual 
is more likely to succumb to disease than a healthy one. The disorganisa- 
tion of life produced by famine, therefore, furthers the spread of disease 
of various kinds including the major epidemic diseases, e.g., malaria, 
smallpox, cholera, etc. 


As regards the counter-epidemic measures adopted to deal with 
the situation, it may be mentioned that due to a variety of causes, 
the civil medical organisation in Bengal was quite unable to deal with 
the health problems that arose there in connection with the famine 
and it was the assistance that was derived from military organisation 
that eventually turned the scale." Large number of doctors and other 


1 Chapter on “ Mili Medical Aid in Bengal Famine” in the volume on 
POS Mongo Official Medical History of the Indian Armed Forces in the Second World 
War. 
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medical and public health personnel were placed at the disposal of the 
Bengal Government by the army authorities | and certain voluntary 
bodies notably the Friends Ambulance Association, the Bengal Medical 
Relief Co-ordination Committee rendered valuable assistance. A scheme 
to employ inoculators, vaccinators, etc. (temporary health assistants, 
persons who had reached the matriculation standard of education) 
proved a very great help. 

As a consequence of famine, diarrhoea was the first to make its ap- 
pearance in Chittagong area in early 1943. It was observed that a person 
with a chronically mal-nourished constitution gets a slight infective di- 
arrhoea which was difficult to be treated very effectively. This causes 
mal-absorption and induces a severe secondary mal-nutrition which is 
increased by progressively smaller food consumption. ‘Thus one rapidly 
gets the picture of sheer starvation coupled with diarrhoea and anaemia 
which is not easily overcome. The matter, therefore, became one of 
public health administration in respect of food supplies. Arrangements 
were accordingly made by the Director, Nutrition Research Laboratories, 
Coonoor, to begin some investigations of nutritional diarrhoea, It was 
decided to put the question of food shortage and public health before 
the Nutrition Advisory Committee whose findings could then be present- 
ed to the Central Advisory Board of Health for appropriate advice. It 
was also arranged that the Director, Nutrition Research Laboratories, 
Coonoor, should personally visit Calcutta to see Milk Relief Scheme 
for children and women and the food relief arrangements, and the 
authorities concerned, in Bengal, were requested to afford necessary 
facilities in this connection. 


In October 1943, an officer of the All India Institute of Hygiene 
and Public Health, Calcutta extensively toured round the city of Calcutta, 
with the object of studying starving cases and arriving at the best 
methods of resuscitating and rehabilitating them. A clinical research 
unit sanctioned under the auspices of the Indian Research Fund 
Association and based at the All India Institute of Hygiene and 
Public Health, Calcutta remained actively engaged in evolving as quickly 
as possible the best ways and means of dealing with starving population 
and studying the use of concentrated vitamins for the famine cases. The 
unit considered that the use of concentrated vitamins would go a long 
way to fight the calamity, and orders were immediately issued for the 
despatch from the Bombay Medical Stores Depot, to All India Institute 
of Hygiene and Public Health, Calcutta, of 50,000 vitamin B, tablets 
for distribution in the area. One million multiple vitamin capsules, 
which could only be used under medical advice were also ordered from 
the United Kingdom, for the treatment of starving cases in hospitals, 
dispensaries and medical relief centres. In addition, sufficient supplies 
of yeast extracts, amla tablets, condensed milk and milk powder were 
also arranged for from the proper sources. A useful scheme for provision 
of emergency hospitals in Bengal was evolved early in 1944 and it was 
decided to send to Bengal as soon as possible, 18 complete hospital 
units with capacity of 50 beds each. Some medical officers, sub-assistant 
Surgeons and public health inspectors were made available by the 
Government of Burma. Trained and experienced nurses for supervision 
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and organisin 
organisation. 
A survey oe 
ed by the lr y by the clinical research unit appoint- 
per cent. of the desti un Association showed that at least 50 
Laie ge seat estitutes who were admitted to hospitals for collapse 
na starvation were also suffering from malaria. To eradicate this 
disease through permanent measures was, of course, out of uestion 
Temporary preventive measures such as spraying Ma ares with insecti- 
cides were not practical at that stage. The only immediate effective 
MIGSSECS al the disposal of the health authorities was, therefore. the 
Ge ces. Sine a of ae so as to tide the affected persons. over 
eriod of their fever, dao bar La 
free p through sale had E riubatcio fhe distin af Guiting both 


been most inadequate notwithstanding the 
fact that adequate supplies of the drug had been available at the disco 
of the Bengal Government. Strong and effective measures were 


adopted for the fair distribution of quinine and with the additional 
allotment of seven million tablets of mepacrine, the situation became 
less alarming. A visit to Calcutta, by the Director, Malaria Institute 
of India, was also arranged for in December 1943 and the recommenda- 
tions made by him proved useful in the effective control of the disease. 


l Side by side with the epidemics mentioned above, cholera and 
intestinal ailments were also encountered commonly. It was suggested 
that the most effective measures for controlling cholera, e.g., inoculation, 
disinfection and the purification of water supplies, should be intensively 
pushed. Large supplies of cholera vaccine and bleaching powder 
were made available to the Bengal Government by the authorities con- 
cerned. A strict watch over the health situation throughout the 
province of Bengal was all along kept by the office of the DGIMS and 
arrangements were brought into force for the regular supply of informa- 
tion by the Director of Public Health, Bengal and the Medical Adviser 
Famine Relief, in respect of the weekly mortality figures due to causes 
of epidemics and the weekly medical progress reports respectively. The 
turning point of the famine was reached in the closing months of 1943, 
when much of its severity began to subside. The army units and some 
of the health officers were accordingly withdrawn at the end of May 
1944, but some of the health staff remained there still for the prosecution 
of preventive measures against disease. 


g the work of the subordinate staff were also added to the 


ARRANGEMENTS DESIGNED TO MAINTAIN AND IMPROVE EXISTING FOOD 
STANDARDS AND SUPPLIES FOR CIVIL POPULATION, LIAISON ON 
NUTRITION SUBJECTS WITH MILITARY AUTHORITIES, 


The Food Adulteration Committee set up by the Central Advisory 
Board of Health, to investigate the question of food adulteration in India, 
met in September 1939, and made in its report a recommendation for 
the appointment of the Central Committee for Food Standards, which 
was sanctioned in November 1941. This committee, which included 
in it representatives of dairying and agricultural research, public 
analysts and other persons experienced in food analysis, was to act in an 
advisory capacity on the lines of public analysts in England and the 


778 PREVENTIVE MEDICINE 


British Standards Institution, its function being to offer expert technical 
advice to provincial governments desiring to develop and improve 
their existing organisations for the detection of food adulteration and to 
assist in and advise on the planning and execution of organised research 
into food problems. The committee had three meetings in June 1944, 
November 1944 and March 1946 and brought out their reports, laying 
down appropriate standards for various articles of food from the point 
of view of public health. 


Through the Nutrition Advisory Committee of the Indian Research 
Fund Association, which includes most .of the better known workers in 
nutrition in India, the Government of India receives advice on this very 
valuable subject. Considerable work was done at the Indian Research 
Fund Association Nutrition Laboratories at Coonoor on the supply 
of vitamins in concentrated form for the use of military and civil personnel 
and the making of amla tablets and investigation into food yeast were 
both vigorously pursued. 


From the year 1944, the laboratories established contact with the 
Central Food Department and rendered useful assistance to bring the 
policy of the Food Department in line with nutrition policy. Arrange- 
ments were accordingly made to give two courses of lectures on the above 
policy to officers of the Food Department in July 1945. 


As a part of the advisory work, reference may also be made to 
various commissions, conferences and committees attended by the Direc- 
tor, Nutrition Laboratory which have had a bearing on civil food policy. 
They include the following :— 


(i) The Groundnut Committee (Government of India), 1941 

(11) Food and Fodder Conference, April 1942 

(iii) Food Yeast Committee, 1942. 
{iv) The United Nations’ Conference on Food and Agriculture, 1943 
(v) The Central Food Advisory Council, July 1944 and February 1945 
(vi) The Famine Enquiry Commission, June 1944 to June 1945 


Meetings of the Nutrition Advisory Committee were held through- 
out the war period and particularly from 1943 onward. Important 
questions of food policy were discussed by the committee and its reports 
influenced Food Department and also the Famine Enquiry Commission. 
Articles, bulletins, etc. published from the laboratories on various 
aspects of nutrition and the food situation created by the conditions 
of war have gone a long way to influence the general approach to these 
problems— the Bombay plan being an example. 


__ The military nutrition service also worked in very close connection 
with the Director of the Nutrition Research Laboratories. During 
the Bengal Famine, the staff of All India Institute of Hygiene and 
Public Health, Calcutta with a grant from the Indian Research Fund 
Association, devised a method of resuscitating acute famine cases with 


protein hydrolysates, the success and use of whi 
n hy ) which attracted muc 
attention in the research field = 
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ase ny ie po paris E np ve 9 war, industries 
Delhi for example was tremendously ; a eo 
the advice of the central health Se ee It is surprising that 
of water, light, housing etc. T y was never sought over problems 
reba: areas is neflenied in ay cha aa ee 
a 1 = in Kanpur. This means that nearly one baby out of two 

es died. It is notorious that housing conditions have a large part to 
play in infant mortality. The tremendous overcrowding experienced in 
Kanpur which produced such state of affairs, arose from conditions that 


were permitted without any reference to the central health authority. 


th Suphi KA essential material for combating epidemics: Arrangements for 
e suppiy of essential material for the successful combating of epidemics, 
e.g., bleaching powder, chlorine, pyrethrum, quinine, quinine substitutes, 
vaccines, etc., were originally dealt with through the stores section of 
the office of the DGIMS who consulted the public health commissioner 
as a routine. From the start, the quinine position was unsatisfactory 
and with the fall of Java it became very acute. Soon after this the 
whole question of supply and distribution of quinine and quinine sub- 
stitutes was taken over by the Health Department (Late E.H. & L. 
Deptt.) and arrangements were made for the supply of mepacrine in very 
large quantities. The sources of mepacrine were the USA and the 
United Kingdom and after certain initial difficulties had been overcome 
by 1943, very large quantities of this drug were available in India 
and were distributed on a generous basis to the various provinces and 
states. Supplies of bleaching powder and chlorine presented considerable 
difficulties in the later stages of the war. The latter became very 
largely involved in transport problems as chlorine is normally supplied 
in large steel cylinders, room for which on the railway was at a premium. 
Bleaching powder is more easily transported and with the collaboration 
of the firms concerned and the assistance of the transport authorities 
movements of such supplies as were available was on the whole not too 
difficult. The problem, however, remained in every province of getting 
this article from headquarters to the districts and with communications 
being normally so deficient, this was a serious difficulty under war condi- 
tions. 

The normal sources of supply of vaccines are the various government 
manufacturing laboratories and certain pharmaceutical firms whose 
productions are vetted from time to time by government, Cholera 
vaccine and TAB were produced in very large quantities in the Central 
Research Institute, Kasauli, which was the recognised supplying authority 
for the Army in India. Throughout the war with great difficulties 
of staff and equipment this laboratory managed on the whole to fulfil 
its commitments though in the last year of the war it was necessary for 
it to refuse to consider any civil demands at all. Proposals to increase 
equipment in this laboratory and to increase the staff were discussed 
over a long period and the latter were not finally sanctioned until very 
shortly before the ultimate conclusion of hostilities. 


The central health authority throughout the war laboured under 
the difficulty of trying to provide from the Central Research Institute 
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sufficient vaccines, sera, etc., to meet military demands and at the same 
time to provide vaccine to meet ever-increasing calls from both manu- 
facturing and non-manufacturing provinces endeavouring to follow the 
advice of the Central Advisory Board of Health and in the presence of 
cholera epidemics or a threat of such to institute mass cholera inoculations 
campaigns. The manufacturing provinces include fortunately some of 
the bigger provinces in the country, e.g., Bengal, Madras, Bombay and 
the Uttar Pradesh, but neither the Punjab nor the Central Provinces 
and Bihar possessed manufacturing laboratories of their own and supplies 
to these areas in addition to calls made by manufacturing areas presented 
some very grave problems. It should also be realised that the major 
States in India had fairly up-to-date health organisations but were 
not in a position to manufacture vaccines. Many of them demanded 
considerable quantities of cholera vaccine from the central health 
authority. 


The Central Research Institute was administered by the DGIMS 
for the Health Department of the Government of India. In addition 
to its other functions, the institute acted as a central bacteriological 
laboratory for the Government of India, and also as a bureau of informa- 
tion and advice on medical and public health problems. 


The main sources of supply of pyrethrum were Japan, soon to be 
cut off, and Kenya also largely cut off on account of shipping difficulties. 
Its requirements were not only in the field of anti-malaria operations but 
for agricultural purposes and attempts were soon made in India to 
stimulate the growing of this plant and the processing of pyrethrum 
from the flowers. Here, too, considerable difficulties were met, some 
of which were associated with incomplete knowledge ‘of the conditions 
under which pyrethrum can in fact be cultivated. After the entry of 
America into the war and with the development of large scale military 
operations in the Pacific area and other highly malarious regions, it 
became necessary to enter into an agreement with the USA as to the 
pooling and distribution of all available sources of pyrethrum. ‘The 
first call was for use in connection with military operations and the 
second call for civilian activities directly connected with the war. In 
1944, a special Pyrethrum Board was set up with a military representa- 
tive and a representative of the Health Department, a representative of 
the Supply Department and a technical officer of the Health Department 
in order to advise on the release of stocks for civilian purposes, This 
system replaced the one whereby recommendations were made through 
the various area commanders. The Pyrethrum Committee, as it was 
known, adhered closely to the letter of the agreement arrived at with 
the USA authorities and functioned successfully. 


ARRANGEMENTS FOR THE RECEPTION AND MAINTENANCE OF DISPLACED 
PERSONS, €.g., BURMA REFUGEES, MALAYA REFUGEES, POLISH REFUGEES, 
ETC, i 


Arrangements for reception and maintenance of dis 

placed persons 
were handled by the departments actually concerned, e.g., aran. 
wealth Relations, External Affairs, etc., but the Health Department 
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was consulted on important questions such as siti 

with doctors, sanitary inspectors, health asian And pms ae 
provision of medical supplies. In May 1942, the Bengal Civil Defence 
authorities asked the All India Institute of Hygiene and Public Health 
Calcutta to advise them in regard to their scheme of evacuation and relief 
camps. As a result of the survey made by the Professor of Sanitary 
Engineering and the Assistant Professor, in consultation with the Director 
of Public Health, Bengal, the officer-in-charge of Civil Defence com- 


pletely reorganised the administration of his medical and public health 
scheme. 


Mass exodus of civilians fr 
l om Burma really began after the ai 
raids on Rangoon in December 1941. Refugees ahs tried to sa mt of 


Burma by way of the Taungup Pass had terrible trial 
Ss G 

out at Prome and by the middle of February 1942, deaths A 
at an average of one hundred daily were occurring at Prome. The 
Bengal Government were, therefore, asked to help by sending relief 
parties to work in Akyab, bringing their own medical supplies and equip- 
ment. Bengal Government were of course directly interested as these 
refugees, a large proportion of whom had not been inoculated against 
cholera, would eventually reach East Bengal and there was every 
possibility of their introducing cholera into that part of the Presidency. 


Immediate steps were taken by the Government of Bengal to 
meet the situation. Two rest camps were instituted, one at Ukhia and 
another in the Chittagong Division, and the Director of Public Health, 
Bengal, was instructed to send as many doctors as possible to Chittagong 
and from there to Akyab. In the last week of February 1942, a joint 
medical and public health team consisting of three physicians, an assis- 
tant director of public health, with two health officers and other auxiliary 
staff was sent direct from Calcutta to Akyab. Four additional doctors 
left Chittagong for Akyab in the first week of March and six more follow- 
ed in the second week. Upto 2 March 1942, 85,000 doses of cholera 
vaccine were despatched to the area by the Government of Bengal, 
these being replaced by supplies sent by the Director, Central Research 
Institute, Kasauli. Many of the refugees being South Indians, it was 
decided to ask the Government of Madras if they could also assist. 
Accordingly, the Madras Cholera Relief Unit of eighteen members with 
two doctors and additional sanitary staff, 75,000 doses of anti-cholera 
vaccine, bleaching powder and other necessary equipment, reached 
Taungup in the middle of March 1942, and did most valuable work 
among the refugees in that area. 

From the health point of view, there were many problems of 
which the most important was the prevention of cholera, involving the 
provision of a huge stock of cholera vaccine and the obtaining, supervision 
and chlorination of water supplies. These measures were equally 
important in connection with the prevention of dysentery which 
eventually proved the greatest single curse among the refugees. 
Malaria was also a constant menace; the whole of the country involved 
being either malarial or potentially so. In view of the great aggregation 
of both labour and evacuees along the Burma-—Ássam road, an outbreak 
of cerebrospinal fever remained a distinct possibility. Stocks of the 
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sulphonamide group of drugs were, therefore, maintained for treatment, 
in case preventive measures should fail to prevent an outbreak. 


In February 1942, cholera broke out among the refugees at Tamu, 
and it was immediately decided that quarantine camps should be 
established with inoculation and detention of refugees for the period 
of quarantine. This was most essential to prevent the introduction of 
cholera into Assam and for the protection of the refugees themselves, 


As Burma-Assam: road was the only practical road for the purpose 
of evacuating refugees from Burma, it was decided to establish dispensa- 
ries at intervals along the whole road for the refugees coming from 
Burma. Arrangements were also made for the despatch of medical 
instruments and appliances, medicines and other articles required for 
setting up these dispensaries. 


Among the numerous camps set up in the various parts of India 
for the reception of Burma and Malaya refugees, a large camp for 
approximately 50,000 refugees from Arakan, was established in the year 
1942 in Rangpur District in Northern Bengal. This camp with its head- 
quarters at Shubirnagar formed the main base camp and had a number 
„of forward camps attached to it. As half the population of this camp 
were women, a fair number of births were also expected. The central 
health authorities rendered much useful help from the very outset in 
providing this camp with the necessary health staff, viz., health visitors, 
midwives, nurses, etc., so badly required by the camp organisation. 
Apart from the maternity work, the public health staff provided for the 
camp, efficiently discharged a number of important duties connected 
with the general health of the evacuees and sanitary conditions of the 
refugee camps. Measures against the large scale death rate among the 
refugees were vigorously started and the outbreak and spread of usual 
epidemics like cholera, chicken-pox, small-pox, typhoid, malaria and 
dysentery were fought with preventive measures, methodical treatment, 
adequate nursing and proper nourishment. Conservancy arrangements 
which were very poor in the locality were improved, and the supply 
of drinking water was augmented by the sinking of additional tube 
wells. Inoculation and vaccination were regularly carried out on a large 
scale among the evacuees and their insanitary habits which indirectly 


contributed to higher mortality, were overcome by means of health 
education. 


In November 1943, the Public Health Commissioner with the 

ee ener of India, inspected the refugees’ camp for Arakanese 
> E at Shubirnagar and made important observations on various 
ealth problems connected with the camp. Immediately thereafter 

at the instance of the Public Health Commissioner with the Government 
of India, two professors from the School of Tropical Medicine, Calcutta, 
aes ates by an officer of the All India Institute of Hygiene and 
u > Health, Calcutta, visited the evacuee camp with a view to finding 

ont t ds of a very high death rate there and made a long report on 
De le | conditions prevailing in the camp. They attributed the 
nig! Mig ty to unhygienic water supply, bad nutritional conditions 
nadequate food supply and infection by a variety of diseases 
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caught by the refugees before their arrival. 


a a of ed severe type was common throughout the newer camps 
particularly among the new arrivals and an anti-scabies campai 
was considered as a fi pagn 
ai a oremost necessity. They strongly recommended 
expats po a a aan capsules to the extent of 2,50,000 
Betiuevtedl to Exe. our months, which the army authorities were 
hel y to the war effort is clearly depicted in the valuable 
jas p rendered to the Home Department in the prompt solution of 
A Pagos ae problems connected with the hygienic conditions 
e Polish refugees camp set up in Kolhapur in early 1943. The 
Ko. was proposed to be built about 41 miles from Kolhapur city in 
olhapur State with accommodation for about 5,000 Polish women 
with children and men over military age from Teheran. The first 
problem that confronted the authorities was a survey of the site 
from the point of view of malaria incidence. The Public Health 
Commissioner with the Government of India promptly arranged that a 
rapid survey should be immediately carried out by experts from the 
Malaria Institute of India with a view to ascertain the suitability of the 
proposed site for the camp. Accordingly a malariologist from the research 
section of the institute accompanied by one of his assistants surveyed 
this piece of land about 80 acres in area and made important observations 
which were usefully adopted by the administrative authorities. As 
a result of the break of monsoons in the Deccan, the spread of malaria 
among the evacuees was apprehended. Anti-malarial measures were 
accordingly put into force and arrangements were made to appoint 
a public health inspector for the camp, which was also equipped with 


30 sprayers, 50 gallons of pyrethrum extract and a number of mosquito 
traps. 


The Polish refugees had arrived in India from Teheran and 
Meshad; the former place having been reported to be under typhus 
epidemic at that time. In order that the refugees might not carry the 
disease to India, timely steps were taken to make enquiries from the 
British Consuls General at Meshad and Teheran to ensure that adequate 
quarantine measures with special regard to typhus precautions were taken 
before the refugees left for India. 


They observed that septic 


ARRANGEMENTS TO SET UP SPECIAL SERVICES REQUIRED TO MEET MILITARY 
AND CIVIL EMERGENCIES 


The air raid precaution arrangements in India were undertaken 
by a special department created for the purpose. These arrangements 
were made by the Central Department in consultation with the provincial 
health authorities. Detailed medical arrangements were | made for 
civil defence by the officers appointed by the DGIMS.? 


2 details see Chapter XIX “Medical organisation for Civil Defence in India” of 
the E on Adanta of Official History of the Indian Armed Forces in the Second 


World War, 1939-43, 
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The arrangements for instituting blood banks, as far as the 
Central Government was concerned, centred mainly round the activities 
at the All India Institute of Hygiene and Public Health, Calcutta and 
with the active financial assistance from the Indian Research Fund 
Association and the Government of India—this institute collected and 
processed. large quantities of blood. In 1942 a special blood transfusion 
officer was appointed in the office of the DGIMS whose duties were to 
work in close collaboration with the Army Transfusion Service.’ 


Other Activities: The civilian institutions under the control of DGIMS 
and others‘ gave active assistance to the armed forces including training 
of medical personnel. The subjects covered during training included 
malariology, public health, parasitology, etc. The trainees included 
medical personnel of Allied countries. Special reference may be made 
to Chinese doctors trained in India, eighteen in Malaria Institute of India, 
Delhi, five in the All India Institute of Hygiene and Public Health, 
Calcutta, one in the Nutrition Research Laboratories, Coonoor and some 
at Haffkine Institute, Bombay, the King Institute, Guindy and the 
School of Tropical Medicine, Calcutta. The Chinese students were 
given the travelling expenses and scholarships during the training 
period. 


WAR ACTIVITIES OF THE PUBLIC HEALTH DEPARTMENT OF PROVINCIAL 
GOVERNMENTS 


The Government of India, War Department, felt that the personnel 
in military camps and installations were exposed to danger of infection 
from nearby villages, and great difficulty was experienced by some 
provinces in controlling the outbreak of epidemics, owing largely to lack 
of timely co-ordination of the efforts of the civil and military authorities 
concerned. With a view to ensuring effective co-ordination and to 
reduce the risk of infection instructions were issued by GHQ that when 
the development of any area for military purposes was contemplated the 
local military authorities would be invited to depute responsible officers 
to attend siting or reconnaissance boards, 


Detailed instructions were issued to the local military authorities 
regarding suitable housing, medical, sanitary and other administrative 
arrangements for Jabour employed on military works. The administra- 
tion of labour employed was the responsibility of the military authorities 
who were required to take all precautions in consultation with the local 
civil authorities. Standard schedules were laid down, according 
to which contractors were required to make provision for sanitation 
at their labour camps. Civil health authorities were authorised to 
inspect the works and make any suggestions which were to be considered 
by the garrison engineer concerned. 


3 For details see Appendix ‘A’ of Chapter XXIX on “The Civi i 
lg > ; vil Blood 
eee in India” of the volume on “ Medicine, Surgery and Pathology wot Obani 
Hory PE pi pos pened ee in Second World War 1939.45, 
r details see Chapter XXXIX on “Aid given by Civilian Institut; > 
volume on *“ Medicine, S d sl ‘al Hi a EM 
Forces in the Second World’ We an ban olay of Official History of the Indian Armed 
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mA a geen and other measures in civil areas and villages in 

gene T i e ay gale and installations were undertaken by 
+ Ane Government of India bore the who 

si | hrs subject to the maximum of Rs. 6,000/- lu a pes 

aa s expenditure was debited to the military project concerned. 

1 cer c cases larger amounts were sanctioned. For example the 

o api ay of a scheme from December 1943 to October 
villages around military camps in i distri 

Rs. 3,4.350/- ry p Ranchi district was 


In addition to the work involved in carrying out anti-epidemic 


schemes and ensuring effective co-ordination of civil and military public 
health authorities, the provincial governments were faced with 
numerous public health problems especially the provision of vaccines 
and sera, building of reserve stocks of medical stores and equipment 
and making sanitary arrangements in case of air raids. Some examples 
of these measures are given below to illustrate the extent of these problems. 


The vaccine lymph manufactured by the institute in Belgaum 
rose from 25,59,735 doses in 1940-41 to 82,05,690 in 1945-46. This 
institute was committed to supply lymph to Civil Affairs Services 
of Siam and Hongkong and United Kingdom Supply Mission. To 
meet the uncertain conditions of the supplies during the war a reserve 
stock of medical stores and equipment at a total cost of Rs. 7,00,000 
was built in the United Provinces. The Director of Public Health, 
Sind, formed a Health Defence Committee for Karachi and made 
arrangements for water supply, sanitation and anti-epidemic measures 
in all evacuation camps. Delhi pubic health authorities carried out 
intensive propaganda on nutrition. 


The extent of public health measures required in connection with 
the air raid precautions can be appreciated from the following extract 
from the report of Director, Public Health, United Provinces. 


PUBLIC HEALTH ARRANGEMENTS IN CONNECTION WITH AIR RAID PREGAU- 
TIONS IN THE UNITED PROVINCES 


Maintenance of city conservancy, and disposal of the dead: The need 
for making special provision for city samitary services as part of ARP 
schemes was realised after the raids on Rangoon as the sanitary staff 
there ran away and the sanitation suffered greatly. It was realised that 
subordinate conservancy staff could not be held to their jobs under these 
conditions only by threat of action under the Essential Services (Main- 
tenance) Ordinance, and that their enlistment as volunteers for work on 
such occasions, along with training and education, might sone in 
them greater sense of confidence. Early in January 1942 ee 
an ARP (Sanitary and Public Health) Service was created for the 
frst class ARP towns in which all male and able-bodied sweepers, gees 
dars, bhisties and allied conservancy staff between the ages a = a 
40 years and all sanitary inspectors In the employ of municipa de , 
were enrolled on voluntary basis. They were required to me an Ep pe 
taking to stay at work at the town in which they were employed eve 


when it may be attacked or threatened from the air, and not to abandon 
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i ent without taking the permission of the medical officer 
a ate order to dispel ae fear that the enrolment was for the 
urpose of active service, an undertaking was given by the medical officer 
of health that for the period the person remained enrolled in the service 
he would not be required to serve away from the town of his employment 
and that he was required, within the meaning of the War Injuries Scheme 
of 1942, to remain in the above town on duty before or after air raids. 
This latter provision was designed to entitle them to compensation on a 
higher scale in the event of injury or death from air raids. Each sweeper 
and jamadar enrolled was provided two shirts with a badge. Payment by 
government of bonus of rupees 5/- per month in addition to salary re- 
ceived under the local body was guaranteed for the period of actual 
mobilisation. The personnel thus enrolled were called out for training 
once a fortnight. They were trained in methods of personal protection 
during raids, the location and repair of damage to drains and sewage 
pipes, cleaning and disinfection of wells and in the procedure for removal 
and disposal of the dead. Close personal touch between workers and 
the superior officers was maintained throughout. The service was 
disbanded on 1 May 1943 upon improvement of the general war position. 
The number of personnel eligible for enrolment and actually enrolled 
on that day was as follows:— 


Eligible Enrolled 
Sanitary Inspectors .. T 126 119 
Jamadars 24 yä 531 508 
Sweepers .. T as 5,171 4,530 
Bhisties .. ei ot 1,045 855 
Corpse disposal organisation os 119 95 


Domestic Conservancy: The ARP Sanitary Service referred to above 
was for the purpose of maintaining public conservancy. The people 
were also advised to construct bored-hole latrines in their houses, and 
municipal boards were advised to obtain borers and make them available 
to the people for the purpose. Borers were not available in the market. 
The Government Central Workshop, Kanpur manufactured one, but 
difficulties in obtaining iron, and the pre-occupation of the workshop 
itself with other war work prevented any material headway with further 
manufacture, and many pits were not dug. 


_ Protection and Augmentation of Water Supplies: The Superintending 
Engineer, Public Health Department, took measures for the protection 
of water works. Alternative sources of supply were provided to some 
extent by opening up, cleaning and disinfecting wells which had been 


closed after the introduction of piped-water supply in towns. Some 
new wells were also constructed. 


Arrangements for Sanitary Services under conditions of disorganisation 
following Air Raids: Orders, as necessary in the circumstances of each 
case, were issued regarding augmentation of stocks of disinfectants 
vaccines, appliances and accommodation and for the isolation and treat- 
meu of infectious cases. The Director of Public Health was delegated 
t ; pen of the Provincial Government under sub-rules 3 and 4 of 
rule d1-F of the Defence of India Rules to require local authorities to 
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take these measures, The provincial government agreed to give a loan 
if any board needed financial assistance to carry them out. 


Essential Supplies: Owing to depletion of market supplies arrange- 
meni were made with the Government Central Workshop, Kanpur, 
for the manufacture of conservancy carts and implements. Difficulties 
in obtaining iron for civil needs in the earlier war years, and the amount 
of other work in the central workshop prevented the arrangement proving 
of any use, and difficulties were experienced ali along in obtaining 
carts and appliances for town sanitary services. In any future contin- 
gency of the kind, the needs of municipal boards must be kept in view, 
both as regards raw material and as regards workshop facilities. Diffi- 
culties were also experienced by local bodies in obtaining bleaching 
powder for the disinfection of wells owing to control over its issue and 
distribution. The Provincial Public Health Department, therefore, 
obtained bulk supplies under special priority for distribution to these 
bodies on payment. 


__ Sanitation of Refugee Camps and Air Raid Shelters: After the first 
raid on Calcutta in December 1941, there was a large evacuation to 
northern India, and as sufficient number of extra trains could not be 
provided immediately to clear all arrivals at Mughalsarai, there was a 
temporary congestion there. Camps for the reception of the refugees 
were, therefore, put up near the railway stations. Sanitary precautions 
were taken by the public health department in the shape of disinfection 
of wells, inspection of the food supply, construction of latrines and soakage 
pits and the employment of conservancy staff. Stocks of disinfectants 
and vaccines were maintained against any epidemic outbreak. Provi- 
sion was made for the isolation and treatment of infectious cases. A 
nucleus maternity staff was provided at each large reception centre and 
at the railway station of Mughalsarai, as abortion among women refugees 
was likely, and this service was actually made use of in contingencies of 
the kind. One travelling dispensary with full equipment was deputed 
for first aid and ordinary medical work. Serious cases were sent to the 
district and other hospitals in Benares in ambulance. The staff was 
required to reside in the area. 


Arrangements on these general lines were again made at Mughal- 
sarai and at Jaunpur during the second exodus from Calcutta in Decem- 
ber 1942—January 1943. Over one lakh persons passed through 
Mughalsarai and over 1,200 through Jaunpur during a single week. 
Large numbers travelled on foot from Mughalsarai to Benares requiring 
reinforcement of the city’s sanitary services. 


Public health officers were associated with the working out of health 
schemes for refugee camps proposed to be established in the United 
Provinces, in the event of a regular movement of population from Eastern 
India. The standard arrangement planned for all these places was 
generally on the lines of those made at Mughalsarai. 


Public Health Department was also required to advise on the 
sanitation and ventilation of public air raid shelters. 
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WAR ACTIVITIES OF CIVIL MEDICAL DEPARTMENT, ASSAM 


The province of Assam being in the front line of the theatre of war 
had to face problems that did not arise in other provinces, An account 
of the civil medical activities of this province is, therefore given below, 
in some detail. This account, prepared by the office of the Inspector 
General of Civil Hospitals, Assam, reviews both special arrangements 
for treatment and public health measures. The former 1s also given 
to give an overall picture of the special problems created during the 
war in Assam. 


PWD Labour: In December 1941, the Civil Medical Department 
came to know that it had been decided to convert the bridle path from 
Palel to Tamu into a road for motor transport as well as to improve 
the already existing road from Dimapur to Imphal. It was estimated 
that this would involve the employment of anything between 20,000 and 
30,000 labourers under the PWD, It was obvious that this required the 
provision of adequate medical arrangements for the care of imported 
labour, since much of the country through which the road went was 
known to be highly malarious. Other diseases such as smallpox, cholera, 
influenza and cerebrospinal meningitis which were known to be often 
prevalent in the areas traversed had also to be guarded against. The 
first step carried out was detailed malaria survey of the whole road 
between Dimapur and Palel, which later proved to be of the greatest 
value and was utilised by the military authorities as well. At the same 
time a grant of Rs. 45,000/- was placed at the disposal of the Inspector 
General of Civil Hospitals by the Government of Assam, for the 
establishment of a chain of dispensaries along the road and the equip- 
ment of these with medical staff and medical and surgical supplies. 
This initial grant had, of course, later to be supplemented by further 
grants. A chain of ten dispensaries for the treatment of PWD labour 
was established at the following places and medical staff and supplies 
furnished for each dispensary :— 


Nichuguard .. 10 beds 
Piphima .. . . 20 beds 
Zubza es .. 40 beds - 
Jotsoma 5% .. 10 beds - 
Kezoma ae .. 10 beds 
Maram ia .. 20 beds 
Karong ae .. 10 beds 
Kangpokpi .. | .. 20 beds 
Kanglatongbi .. 10 beds 
Ghaspani .. .. 10 beds 


A central medical store depot was established at Kohima under the 
charge of the civil surgeon, Naga Hills, who was responsible for the 
posting of staff and the distribution of supplies for these dispensaries. 
E labour employed was of many kinds including Nagas, Sylheties, 

hasis and various smaller groups. The dispensaries at Jotsoma and 
Maram had to be closed down temporarily due to abnormal conditions 
but were reopened when the conditions became normal, 
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This organisation conti : 
ntinued to functi i 
of the PWD work on the road about the ction until the completion 


he | end of March 1943. 
activities were now diverted to work on the Assam crank peal Bar ad 


subsidiary roads connected with it and to other objects such as aero- 
drome projects. The organisation along the India-Burma road was 
therefore, withdrawn in stages in order not to embarrass the military 
authorities, who had also to make use of the civil dispensaries for their 
labour and was transferred on similar lines to the new activities under- 
taken by the PWD. A new chain of dispensaries was now established 
at points selected in consultation with the PWD authorities, and medical 
stores, supplies and equipment were transferred to these dispensaries. 
Supplementary grants were necessary for the complete stocking of these 
new dispensaries, Dispensaries were located at the following places:— 


Nowgong .. .. Digaru 

Silghat T .. Boko 

Bongaigaon .. .. Sonapur 

Bokakhat .. .. Dabaho 

Numaligarh .. Amguri 

Kamargaon .. Kahara 

Goalpara .. .. Puranigudam (B.G.G. Road) 
Nek ia .. Bagribari (Access Road) 


The requisite medical stores for these dispensaries were distributed by the 
civil surgeon, Naga Hills from the central depot at Kohima which 
was later on transferred to Gauhati. Since December 1943, Bagribari 
dispensary had been taken over by military authorities and that at Bon- 
gaigaon was closed as it was no longer required for the PWD labour. 


In addition to this, arrangements were made for the treatment 
of PWD labour at various Local Board and other dispensaries situated 
in areas where the aggregation of labour was not sufficiently great to 
justify a special dispensary. Medicines and equipment to supplement 
their normal resources were, therefore, sent to the dispensaries at 
Nowgong, Silghat, Bongaigaon, Bokakhat, Numaligarh, Goalpara, 
Neli, Digaru, Boko and Sonapur. It was considered necessary im 
connection with the special dispensaries to have bed accommodation 
on the scale of 10 beds for 1,000 labourers. This apparently inadequate 
scale could not be avoided because of the scarcity of medical personnel 
and it was also arranged that all serious cases should be transferred 


of the rainy season. | | di ies 
The numbers of inhabitants of villages situated along the ¿Asa 
Trunk Road vaccinated against smallpox and inoculated against cholera 
were 73,660 and 50,207 respectively, . 
The hospitals started under this scheme were closed down in stages 
as the need for them ceased to exist. . . . 7 
Military Contract Labour: In connection with the various military 


projects in ‘Assam, very large numbers of civilian labour from many 
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sources were employed by the military authorities. Most of this labour 
had been employed through contractors and, in theory, the contractor 
was made responsible for their medical care. This was obviously impos- 
sible under the existing conditions and all efforts of the Inspector General 
of Civil Hospitals to obtain a decision regarding the responsibility for 
the medical care of this military labour had been unavailing. The 
military authorities definitely did not accept any responsibility apart 
from unavoidable admission of serious cases to military hospitals. 
Under these circumstances the Civil Medical Department had done 
what it could to meet this obligation in consultation with the military 
engineering authorities. Considerable difficulties were experienced 
even in ascertaining the location of these labour aggregations owing 
to the necessary military secrecy, but wherever assistance was asked 
for by the military engineers for large aggregations, this was immediately 
given to the greatest extent possible. As most of the labour had been 
working in vulnerable areas such as large standing camps, aerodromes, 
etc., the provision of ARP protection had also to be considered. Where 
dispensary or hospital accommodation was already available, this had 
been made use of for treating such labour with the addition, when 
necessary, of extra staff and extra medical supplies. In some cases 
small temporary hospitals had to be established and placed in charge 
of the medical staff of the nearest Local Board dispensary, additional staff 
being provided for the special purpose and grants being given to the 
medical officer-in-charge. 


The most important of these schemes was the establishment at 
Lekhapani of a military contract labour hospital of 300 beds. ‘This was 
organised at the request of the CRE in consultation with the United 
States Army authorities in that area. The military engineering authori- 
ties placed at the disposal of the Inspector General of Civil Hospitals 
an initial sum of Rs. 70,000/- to cover the establishment of this hospital 
on a six months basis. This sum was considered sufficient for stocking 
the hospital with medical supplies, surgical equipment and hospital 
sundries and for the payment of the staff during this period. Any 


extension of this period beyond six months, involved further 
expenditure, 


The importance of keeping the labour in question in good health 
was so great on account of the importance of the work that it was decided 
to equip the hospital as fully and staff as adequately as was possible. 
The establishment of this hospital given below will indicate the extent 
of this undertaking :— 


American medical officer-in-charge 
American nurses T 

Senior medical officer 

Junior medical officer 
Sub-assistant surgeons 
Compounders .. 

Dressers 
Ward boys 
Chowkidars 
Cooks 


# 
pe ls 
O 0 0D N N m Ne 


+ 
* . +. . 
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Cookmates $ = va 10 
Water carriers R .. 13 
Sweepers 2d su s 26 
Dhobis na ka = & 
Wood cutters .. Ea a Y 
Clerks ie - sm 3 


In addition to the above mentioned. staff a utility party consisting of 
one sardar, 16 crews and three carpenters was appointed to build and 
repair hospital wards and quarters and to perform such. miscellaneous 
duties as burying the dead, etc. 


The allotment of Rs. 70,000/- excluded the cost of the building 
of the hospital which was undertaken by the military engineers. The 
term of the Lekhapani hospital was extended upto 31 March 1944, 
and a further contribution of Rs. 40,000/- was made by the military 
authorities in November 1943. l 


At the request of the army authorities, a fully equipped 25-bedded 
hospital was established in October 1943 at Patiagaon for the labour 
employed under the Niamati Project. Two roadside dispensaries 
were also opened at Niamati and Dulirgaon. The army authorities 
had placed a sum of Rs. 10,000/- at the disposal of the Inspector General 
of the Civil Hospitals for this prupose. About the same time, the 
military authorities contributed a sum of Rs. 1,00,000/- for the establish- 
ment and maintenance by the Civil Medical Department of seven 
hospitals on the Assam Trunk road. The scheme was for a period of 
five months in the first instance. The civil medical authorities did 
their best to expedite the establishment of the hospirals and equipping 
and staffing them. The hospitals were located at Bongaigaon (10 beds), 
Jogighopa (10 beds), Goalpara (25 beds), Boko (15 beds), Jagiroad 
(25 beds), Nowgong (30 beds) and Dhansiri (10 beds). In the case 
of these hospitals too, the military authorities provided hospital buildings, 
quarters, furniture, etc. 


The following figures indicate the number of persons inoculated 
against cholera and vaccinated against smallpox upto 15th February 
1944 at the various hospitals established for the military contract labour. 


Vaccinations inoculations 
Lekhapani Civil Hospital .. ni 6,250 1,975 
Assam Trunk Road Labour Hospitals 3,200 1,336 
Niamati Military Contract Labour 
Hospital ds 509 2,500 


In the beginning of March 1944, the American staff employed 
in the Lekhapani hospitals was recalled. A further contribution of 
Rs. 70,000/- was made by the military authorities for the maintaining of 
the hospital, and with a view to cope with the heavy influx of the 
military contract labour in the Ledo Area, the accommodation in the 
hospital was increased to 400 beds in July 1944. In March 1945, the 
hospital was denominated as Contract Labour Hospital, and from that 
date military authorities undertook to supply all the medical and 
ordnance stores. But the general administration rested with the Civil 
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Medical Department till the hospital was completely closed down. “The 
military authorities informed the Civil Medical Department in October 
1945 that the hospital should be closed down gradually. Accordingly, 
bed strength of the hospital was reduced to 100 beds, from 16 November 
1945 with necessary reduction in the medical and ancillary staff. The 
hospital was completely closed down by the end of January 1946 after 
making necessary arrangements for the treatment of the few chronic 
cases under treatment in the neighbouring military and civil hospitals, 


An additional contribution of Rs. 6,000/- was made for the Niamati 
hospital. In May, it was removed to Boko and continued to function 
till 15 December 1944, when it was closed down at the request of the 
military authorities. 

The term of the seven hospitals started on the Assam Trunk road, 
which originally was for five months, was extended upto October 1944 
and an additional sum of Rs. 50,000/- was contributed for maintaining 
these hospitals until then. 


These hospitals are reported to have done excellent work. Despite 
the limited accommodation the staff did their utmost to cope with the 
heavy influx of military patients. In addition, they were often called 
upon to attend sick patients of the neighbouring military camps. The 
need for these hospitals having ceased to exist, they were all closed 
down from October 1944. 


Civil Transport Corps (Assam Civil Porter Corps): This organisation, 
numbering nine corps, was raised in Assam to act as porters for military 
supplies on various L of C between India and Burma. They were 
composed almost entirely of personnel recruited from the various hill 
tribes of Assam and each corps had a strength of approximately 1,000. 
As these corps had to work in very difficult country and under the worst 
possible physical conditions, both as regards arduous physical labour 
and very bad climatic conditions, it was considered necessary that they 
should be very efficiently looked after from the medical point of view. It 
was, therefore, decided that each corps should be provided with one 
medical graduate and two licentiates to superintend its medical care and 
look after and distribute its medical stores and equipment. These 
corps were dispersed all over the frontier areas between Assam and 
Burma and did invaluable work without which the army in this region 
could not have been kept supplied. The equipment of this corps with 
medical and surgical supplies as well as the provision of medical staff 
had been done entirely by the Civil Medical Department and this depart- 
ment had also been responsible for medical advice upon all subjects 
including the siting of camps. To obtain the medical supplies and 
equipment and staff, which again had to be obtained almost exclusively 
from the open market, an initial sum of Rs. 30,000/- was placed at the 
disposal of the Inspector General of Civil Hospitals by the Governor’s 
secretary. But this, which was the amount required on a six months 
basis, eventually had to be very considerably augmented on various 
occasions, to the extent of over additional Rs. 1,00,000/-. The medical 
proa in connection with this corps were rather special ones as their 
work lay in particularly unhealthy regions, from the point of view not 
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only of malaria but also of other conditions peculiar to their environments, 
such as bites of leeches, dim dams (Simulium) and other insects. These 
by producing irritation lead to sores on the feet and legs causing serious 
disability. This necessitated the equipping of these porters with boots, 
socks and trousers, which were their first departure from extreme naked- 
ness but were accepted gladly as the only remedy. 


The decision of the American authorities to proceed with their 
road constructional work in the north-east of Assam during the monsoon 
and afterwards, created a problem in connection with the Civil Transport 
Corps which had not been previously envisaged because the original 
intention had been to suspend the work during the monsoon, in view 
of the dreadful climatic conditions prevailing in this area of rivers and 
densest jungle during the south-west monsoon, It was realised that 
even under the best conditions there would be a very high sick rate from 
malaria to say nothing of other causes of disability among people carry- 
ing heavy loads in almost ceaseless rain along jungle tracks, knee-deep 
and sometimes thigh-deep in liquid mud. As the result of a request 
made to the Inspector General of Civil Hospitals by the American 
authorities to make provision for this anticipated high sickness incidence 
the Civil Medical Department decided at a conference with the American 
authorities and the Director, Civil Transport Corps, to provide addi- 
tional hospital facilities in the form of a 400-bedded extension to the 
already existing hospital for military contract labour, thereby enlarging 
it to a combined hospital for labour and Civil Transport Corps of 700 
beds. This was necessitated because, here again, the mulitary 
authorities, although they helped by admitting a certain number of 
severe cases to military hospitals, refused to take responsibility for the 
sick of the Civil Transport Corps although the latter were working 
for them. To organise this new and large extension again on a six 
months basis a preliminary sum of Rs. 80,000/- was placed at the dis- 
posal of the Inspector General of Civil Hospital by the governor's 
secretary. ‘This sum again did not include provision for hospital build- 
ing for which the American medical authorities accepted responsibility. 
Medical supplies and equipment were, as for the original hospital, 
purchased from the open market and medical staff enlisted in the same 
way as for the original hospital for military contract labour. The 
new extension was completed by the end of September 1943 and was in 
full operation from October 1943. The staff for the extension was as 
follows. The term of the hospital, was however, extended later upto 
the 31 May 1945, 


Senior medical officer 
Junior medical officer 
Sub-assistant surgeons 
Compounders .. 
Ward boys: 

Head clerk 

Ration clerk 

Water carriers 

Cooks 

Chowkidars 


OD 
O GIT UN et emt Al ea et ee 


+ 1] e e . 
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Wood cutters .. 2 
Cookmates pi sc E 
Dhobis E Ke >” ca 
Sweepers T q ca 2 
Office orderlies 2 


These were additional to those of the original hospital before expansion. 


Owing to the fact that this combined 700-bedded hospital was 
being financed from two separate sources certain financial complications 
had to be overcome and much assistance was given in this respect by the 
Comptroller, Assam. It was decided that the combined hospital would 
be run as one administrative unit under the same medical officer, the 
accounts for the two sections of the hospital being kept apart under 
the respective accounting heads. Purchase of stores and equipment 
in Calcutta was quite satisfactory and transport of the goods from there 
to destination in Upper Assam was greatly facilitated by the help 
of the transport authorities of the Eastern Army, who gave most efficient 
assistance in sending the goods by special labour trains under escort 
throughout to prevent pilferage. 


Towards the end of 1943, the Assam Civil Transport Corps was 
renamed and styled the Assam Civil Porter Corps. Towards June 
1944, the CPC medical units and the base hospital at Lekhapani 
and the extended portion of the contract labour hospital were com- 
bined to form one organisation under a CMO for administra- 
tive facilities. A military medical officer was appointed to the post 
of CMO in executive charge of the organisation in the North-East 
Assam-Burma area. ‘The Inspector General of Civil Hospitals, Assam, 
exercised full administrative control as before and was wholly responsible 
for the supply of stores for this organisation. Under the reorganised 
scheme which came into operation from 1 June 1944 enhanced rates of 
emoluments had been offered to the medical staff with a view to attract- 
ing candidates for the numerous vacancies which were still existing 
particularly in the Ledo area now the North-East Assam-Burma Frontier 
area. 


By June 1944, the base hospital at Lekhapani was split up into 
two hospitals. One with 50 beds was retained at Lekhapani while the 
other with 350 beds was removed to an advance area, at Saltsprings 
which was styled as “ Advance CPC Hospital, Saltsprings’’. The 
former remained attached as a separate wing to the Lekhapani Contract 
Labour Hospital and was under the executive charge of a part time 
senior medical officer till 30 September 1944, when it was separated 
from the contract labour hospital and was placed under the charge 


a a medical graduate; while the latter had a full time senior medical 
officer. 


After June 1944, there had been expansion of the Assam Civil 
Porter Corps organisation. Fight additional corps were raised and a 
Mobile GPC Base Hospital of 150 beds was sanctioned for the North- 
East Assam-Burma Frontier area, The bed strength of the CPC 
Hospital at Lekhapani had been gradually raised from 50 to 150 beds 
as necessitated. The Chakma Porter Corps at Lungleh had been 
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disbanded and two independent wings—one for coal porterage at 
Cherrapunjee and the other at Barapani were raised. 


The total sanctioned strength of medical staff in the CPC had 
accordingly been considerably increased and efforts were made to 
secure the necessary staff, 


By August 1944 five additional corps were raised for the North- 
East Assam-Burma Frontier area with consequent addition to the 
existing CPC medical staff. The total number of corps working in 
the North-East Assam and Burma Frontier area was 11 with two 
base hospitals one at Lekhapani and the other at Saltsprings. 


The hospitals and the medical units of the CPC organisation 
were closed down in stages and the final disbandment of the organisation 
was carried out in November 1945. 


General Reserve Engineering Force (GREF): This organisation 
employed, on many projects in Assam, large number of civilian labour 
brought from many sources. ‘The authorities in control of this organisa- 
tion sought the help of the Civil Medical Department in connection 
with the medical care of this labour. At a meeting held in the office 
of the Inspector General of Civil Hospitals with representatives of the 
GREF, the staff of 202 L of C Area and the Director of Civil Defence, 
a detailed scheme was devised and given effect to on the following 
lines. The GREF undertook to erect hospitals in all areas where there 
was an aggregation of their labour and to staff these with their own 
military medical officers. To each hospital, however, was to be attached 
a civilian section for the treatment of civilian labour and for this section 
the civil medical authorities would provide the staff. This was to consist 
in most cases of one sub-assistant surgeon, one compounder, one sanitary 
inspector, two dressers, one sweeper and one water-carrier at each 
hospital. For these and the other projects for which the civil medical 
authorities were responsible, the staff, whether medical or otherwise, 
had to be recruited from the open market as the government medical 
department could not spare any further personnel from its establish- 
ment, The GREF authorities undertook the responsibility of the supply 
of medical stores and equipment for the hospitals and first aid posts of 
this project. 


By the beginning of 1944, six hospitals and nine first aid posts 
had been established, staffed and equipped under this scheme. All 
these hospitals were administered and maintained by the military 
authorities. In December 1944, two of these hospitals (Jakhlabanda 
and Dergaon) were closed down by the military authorities, while the 
remaining hospitals and first aid posts were closed down in Stages and 
the final disbandment of the scheme was made in January 1946. 


Supply and Civil Movements (Population) Scheme: Since the entry into 
the war of Japan and the conquest of Burma there had always been a 
possibility that bombing of tea gardens in Assam might lead to a panic 
evacuation of tea garden labour, down the Assam Valley. This would 
have been a great embarrassment to the military authorities on account 
of congestion on the main road, already inadequate for military traffic. 
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A scheme had, therefore, to be drawn up to deal with this eventuality 
should it come about. dica | 

It was anticipated that the maximum number of refugees which 
might have to be denli with would be about 4,00,000. A scheme to 
deal with this possibility was drawn up involving the establishment of 
about 39 camps, controlled by an adequate staff and situated at strategic 
points along the roads likely to be taken by the refugees. The medical 
arrangements in this connection had to be elaborate and taken well 
in advance. The full requirements of medical staff were estimated 
to be:— 


Graduates (assistant surgeons with public health 


experience) .. se T a 11 
Licentiates (sub-assistant surgeons) .. sá 37 
Sanitary inspectors T T .. 38 
Sweepers ia > Rä .. 400 
Compounders .. Es en .« 30 
Dressers T T es .. 30 
Cooks p si T ze 24 


It was considered sufficient for this staff to be earmarked but it was 
necessary for a nucleus of sanitary staff to be established in position in 
Assam. This staff came from the United Provinces and consisted of 
four assistant surgeons with public health experience, eight sub-assistant 
surgeons, 12 sanitary inspectors, and 152 sweepers. They were posted 
at various camps and were also utilised for other duties where possible. 
A sum of Rs. 1,00,000/- was sanctioned for the purchase of medical 
stores and equipment. These stores were concentrated at the special 
medical store depot in Gauhati and later distributed to various camps in 
accordance with requirements. The plan for putting the scheme 
into operation was kept ready for immediate application. 


As a part of the supply and civil movement scheme it was decided 
to inoculate the entire tea garden population against cholera and vaccin- 
ate them against smallpox to prevent these epidemic diseases becoming 
a menace should evacuation ever take place. The Government 
of India agreed to supply the necessary vaccines and smallpox lymph 
free of charge. The Indian Tea Association gave every co-operation 
with the result that 6,69,640 tea garden labourers were protected against 
cholera and a large number against smallpox, 4,09,180 doses of vaccine 
lymph were given to the various tea gardens free of cost for vaccinating 
the labour. In case of smallpox, only the susceptible population was 
vaccinated, the amount of protection being calculated on a two year 


ld year basis. The whole scheme was abandoned from 1 March 


Sanitation of Aerodrome Areas in Assam: In accordance with letter 

No. 8393/W-4, dated 25 October, 1942, from Government of India, 
War Department (Air Branch) to local Governments, the Civil Medical 
Administration of Assam was asked to make arrangements to safeguard 
the health of the staff at all aerodromes in Assam. For this purpose 
pun of Rs. 6,000/- for each aerodrome was placed at the disposal of the 
vil Medical Department. Steps were immediately taken to make 


“ 
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malaria surveys of all aerodrome areas and their surroundings, some 20 
in number on which recommendations for anti-malarial control were 
formulated. At the same time, staff was engaged to carry out these 
recommendations in each area surveyed and materials and equipment 
for the work were purchased. At first considerable difficulties were 
encountered by the staff in carrying on their work owing to restrictions 
enforced for security reasons. This was overcome, the anti-malarial 
work was started, including also work on those aerodromes which were 
not yet in operation, since it was considered necessary to carry out 


preliminary anti-malarial operations even before the occupation of the 
aerodromes. 


Copies of all malaria surveys were supplied to the local Government 
and the Air Force authorities concerned. In the first instance surveys 
were made of all aerodromes irrespective of who was operating these, 
but subsequently arrangements were made with the United States Army 
authorities that they should be solely responsible for all airfields and 
their surroundings operated by the United States Air Forces, while the 
Civil Medical Department would continue to be responsible for all 
those operated by the RAF authorities. Malaria control work over 
their own aerodromes was accordingly taken over in stages by the 
American Air Force authorities. In some of the aerodromes the work 
was actually done by the personnel of the Civil Medical Department but 
under the administrative control of the American authorities. 


The Inspector General of Civil Hospitals agreed, however, to retain 
responsibility for the protection even of the American aerodromes 
against other epidemic diseases such as cholera, smallpox, etc. and an 
extensive campaign of inoculation against cholera and vaccination 
against smallpox was carried out among the villages surrounding aero- 
drome sites. 


By arrangement with the army anti-malaria officer the responsibility 
of the civil medical authorities for the sanitation of areas surrounding 
acrodromes was limited to those in Assam, and responsibility for those in 
Manipur and forward areas rested with the military authorities. 
In some cases alteration in the location of camps in certain aerodromes, 
necessitated second surveys being made in these areas. In the case 
of Kumbhirgram aerodrome the civil medical authorities were refused 
permission to make a survey or carry out any preventive measure and 
were not responsible for that area, on account of the necessity for the 
utmost secrecy. The chief difficulty in connection with these projects 
was the obtaining of the anti-malarial stores and equipment and their 
transport to the aerodromes where they were required. 


The available figures of number of inoculations against cholera 
and vaccination against smallpox, are 34,503 inoculations and 44,1 78 
vaccinations. 


Preventive measures directed against flyborne and other 
communicable diseases as distinct from anti-malaria measures were also 
carried out by the civil medical authorities in and around aerodrome 
areas irrespective of the authorities operating them. All anti-malaria 
work in airfields in Assam was discontinued about April 1945. 
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Special arrangements in regard to epidemic diseases in connection with 
Traffic on roads in Assam: Owing to the fact that during the war large 
numbers of army units were stationed in Assam and the whole road system 
of the province was very much overloaded, it was considered necessary 
to carry out extensive measures against the prevalence of epidemics in 
villages close to those roads. This was rendered all the more necessary 
on account of the influx of population, military and civil, from all districts 
of India, which had greatly increased the d@nger from epidemics and 
infectious diseases. The diseases to be guarded against were malaria, 
cholera and smallpox. While it was not possible with the limited 
resources of the Civil Medical Department of Assam to cover all roads, 
it was considered essential to carry out very extensive inoculations against 
cholera and vaccination against smallpox, among villages bordering both 
sides of the Assam Trunk Road, which was the main artery for military 
traffic from one end of the province to the other and this was carried out 
with good results. 


Burma Refugee Organisation: The Civil Medical Department of 
Assam played a very important part in all the arrangements made for 
refugees from Burma at a very short notice and with very inadequate 
facilities available to them. This part was not confined to the medical 
arrangements alone but also involved a selection of camp sites and the 
actual building of camps without assistance from the engineering authori- 
ties either military or civil. It is difficult for anyone who did not see 
this movement in operation to obtain a real picture of what it looked 
like when in progress. All that need be said here is that nearly one 
quarter of a million people were evacuated from Burma with, under 
the circumstances, a surprisingly low death rate considering the fact 
that in the later stages a vast majority of refugees were in very poor 
physical condition on account of the privations they had endured before 
entering India. The fact that there were no serious epidemics of cholera, 
smallpox, cerebrospinal fever or other diseases, when the conditions for all 
these were ideal among a population rendered specially susceptible by 


prevailing conditions, was an indication of the success of the medical 
measures taken. 


Camp for the Homeless: When there was justifiable apprehension in 
the earlier days of Japanese advance towards Assam, that there might 
be bombing of the capital it was decided to erect, equip, staff and 
provision camps for the homeless should evacuation of numbers of desti- 
tute people from the town become necessary. The building and other 
arrangements for those camps was undertaken by the Medical Depart- 
ment and two camps completely equipped were erected on two opposite 
sides of Shillong. Each camp was under a commandant with assistant 
commandants, nursing staff, etc. A minimum store of provisions inten- 
ded to cover the early days of occupation was collected and housed in 
oH jail. Chowkidars, police, etc., were provided. The more favour- 
i E ga later taken by the war resulted in these camps not being 
4 quae he their original purpose, but they proved extremely useful 

oth to the military, ARP and Civil Transport Corps authorities. 


Scheme for utilising the medical facilities i j 
; in Tea Garden Hospitals: This 
scheme was devised to help the military authorities in the see of any 
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emergency giving rise to large numbers of sick or wounded, and to fore- 
stall the danger of any sudden and unexpectedly large demand for hospi- 
talisation of such cases as was exemplified in 1942, when the military 
hospitals were overcrowded and considerable numbers of military 
patients had to be treated in other than military hospitals. At this time 
the hospitals utilised were tea garden hospitals, such as Panitola group, 
Mission hospitals, such as Welsh Mission Hospital, Shillong, St. Lukes 
Hospital, Chabua, the American Baptist Mission Hospital, Gauhati, 
Segrave’s Temporary Hospital at Gauhati and various civil hospitals. 


The possibility of such a situation again arising was visualised. 
The large and widely distributed medical organisation of the Indian 
tea industry could give a valuable help to the military authorities, should 
such a situation again arise. The full possibilities of the scheme were 
discussed and it was decided to call for certain information from the 
medical officers in each valley. A more detailed scheme was drawn up 
and this was submitted to the Indian Tea Association. Apparently the 
proposals made by them to the army authorities did not prove acceptable 
and the whole scheme, in spite of its inherent advantages, was not 
proceeded with. 


_ Military Personnel treated in Civil Hospitals: Following the entry of 
military units into Assam, a wide dispersion of these units meant that 
military hospital accommodation was not always conveniently avail- 
able on the spot for military patients. Facilities for the treatment 
of these, both as in-patients and out-patients in civil hospitals and 
dispensaries were always afforded and considerable numbers treated. The 
recorded number to which this help had been given is far from com- 
plete, as in many cases, especially in the earlier stages of war, special 
records of these were not kept. Recorded numbers of cases treated as 
indoor and outdoor patients is, however, as follows:— 


Indoor patients ze sm 13159 
Outdoor patients ai .. 4,893 


The treatment of comparatively large numbers of military personnel 
in the small hospitals and dispensaries which were characteristic 
of this province, proved a serious drain on the medical and surgical 
supplies of the institutions concerned. An arrangement was, therefore, 
made after discussion with the military medical authorities regarding 
the diet charges for indoor patients. The replacement of medicines 
presented a difficult problem. The army authorities found it difficult 
to pay for such services in cash and in any case it is doubtful whether 
such a procedure would have resulted in the hospitals and dispensaries 
being able to replace the medical supplies depleted by use for military 
personnel, because these were very often not available in the market. 
In consultation with ADMS, 202 Area a simpler plan was, therefore, 
devised and worked satisfactorily. This was that hospitals and dispen- 
saries treating military personnel should make out monthly statements 
of the medical stores actually used by them for the treatment of military 
cases together with details of the numbers of those treated. The complet- 
ed forms giving these details were then scrutinised in the office of the 
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Inspector General of Civil Hospitals and were sent to the office of 
ADMS, 202 Area, who authorised the nearest military hospital to 
replace the medical stores in kind. This was a practical procedure, 
quicker than replacement from a medical store depot and worked quite 


satisfactorily. 

ARP Organisation in Assam: From the time of the entry of Japan 
into the war and especially since her conquest of Burma, Assam became 
and remained a front line province in the war against Japan. It was 
the most heavily raided province and the question of ARP measures 
was of great importance, The precautions taken were on lines generally 
observed throughout India, with special modifications to suit the province, 
As elsewhere in India a great deal of propaganda was necessary to get 
the population to realise that the danger from air raids was a real one 
against which it was worthwhile taking precautions. | 


By the end of June 1944, 80 first aid posts and 128 first aid parties, 
all fully equipped, had been provided. 865 beds were also provided 
in civil hospitals, tea garden hospitals and Mission hospitals for the recep- 
tion of possible air raid casualties in the province. By December 1944, 
the number of beds available was raised upto 1,154. 


In April 1945, the Government of India declared the whole of 
Assam as white area, and in accordance with their civil defence policy, 
all ARP measures in the province were withdrawn.? 


Assam Motor Transport: This was a new organisation established 
by the Government of Assam for the carriage of goods of all kinds 
throughout the province by motor transport. In this case also the 
assistance by the civil medicai authorities was given in permitting the 
use of existing government dispensaries and for the establishment of new 
dispensaries and the supply of drugs and equipment to them. The 
stores were supplied for this organisation as and when needed. The 
requisite Inspector General of Civil Hospitals, Assam, was also the 
medical adviser to this organisation. 


Assam Relief Measures: The activities of this section were mainly 
the medical reorganisation of the Naga Hills and Manipur areas. Soon 
after the Japanese had been cleared from the areas, epidemic of dysentery 
and malaria broke out on a devastating scale. Almost all the dis- 
pensaries and hospitals had been destroyed by enemy action. To restore 
matters to normal, an experienced retired civil surgeon was re-employed. 
The Director, Assam Relief Measures, placed a lump sum at the disposal 
of the Inspector General of Civil Hospitals to incur any expenditure 
that was required in connection with the rehabilitation of the areas 
affected. Accordingly proper arrangements for adequate supply of 
medical stores and equipment, were made to bring epidemics under 
control, Dysentery, smallpox and malaria broke out in epidemic form 
but were soon brought under control by immediate and repeated applica- 
tion of measures of preventive inoculation. This was rendered possible 
by the provision in advance and in anticipation of its need, of adequate 
supplies of cholera vaccine, and other means of dealing with epidemics 


_ 3See also page 416 of the vol ‘ ini at . á 
indian Armed Forces in the Second World Wen, i oy ia cak Elster di Mie 
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of bowel diseases and by the establishment of a chain of dispensaries 
between Imphal and Dimapur. Smallpox was similarly prevented 
by the immediate isolations of sporadic cases and the vaccination of all 
contacts. The hospitals and dispensaries overrun by the Japanese 
were reopened and equipped with medicines, surgical instruments, 
hospital bedding and clothing, etc. In order to assist the civil medical 
authorities until more permanent arrangements could be made the 
military authorities offered to build and equip a ward for Nagas if a 
suitable staff could be provided by the civil authorities. In this ward 
any overflow from the civil hospital and all cases requiring major 
surgical treatment or specia] treatment or examination such as X-rays 
were housed. A scheme to put this into operation was drawn up and 
approved by the military authorities. The ward and subsidiary buildings 
were constructed and staff appointed, 


APPENDIX XV 


Health Requirements in respect of International 
Travellers 


HEALTH REQUIREMENTS FOR ENTRY INTO INDIA 


The Government of India have at present health restrictions only 
in respect of persons coming to India from yellow fever infected areas, 
information about which is given below. Persons coming to India 
are, however, advised in their own interest to have themselves protected 
against smallpox and cholera and be in possession of valid certificates 
of vaccination against these diseases before leaving their countries. 


Health Requirements relating to Yellow Fever in respect of Arrivals by 
Air:* A person who has been exposed to the risk of yellow fever infection 
arriving in India by air, should be protected against yellow fever and 
should be in possession of a valid certificate of vaccination against 
that disease, otherwise he will be detained in isolation for a period up to 
nine days. A certificate of vaccination against yellow fever is considered 
valid if the conditions mentioned in Annexure I are fulfilled. A person 
is considered to be at risk to yellow fever if: 


(i) he has been in a yellow fever endemic area within nine days 
prior to his arrival in India; or 

(11) he has arrived in India in an aircraft infected or suspected to be 
infected with yellow fever as described in Annexure III. 


The countries regarded by the Government of India as yellow 
fever endemic areas are mentioned in Annexure II, The quarantine 
period for yellow fever is nine days and, if a person spends nine days 
outside the yellow fever endemic area immediately prior to his arrival 
in India, he is not regarded as likely to develop the disease. 


Health Requirements relating to Yellow Fever in respect of Arrivals by Sea: 
All persons and members of the crew on board a ship, which has started 
from or has touched at any port on the East Coast of Africa between the 
northernmost limit of Eritrea and southernmost limit of Tanganyika, 
should be in possession of valid certificates of vaccination against yellow 


fever, certificates being considered valid if they fulfil the conditions 
mentioned in Annexure I, 


HEALTH REQUIREMENTS FOR LEAVING INDIA 


_ Most of the foreign countries, require Certificates of vaccination. 
against cholera and smallpox from passengers from India, A person 


* A person on arrival in India by air is required to fill i i 
a arriva | n a personal declaration of 
oa and health giving information regarding his movements during the nine days imme- 
tately prior to his arrival in India. This document enables the Airport Health Officer to 


know whether th ; : 
nine days, € person concerned has been to a yellow fever endemic urea during those 
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before leaving India should, therefore, get himself vaccinated against 
these diseases and obtain certificates of vaccination in the prescribed 
international form. Even when going to a country which has not imposed 
any quarantine restrictions, passengers from India are advised to carry 
such certificates to avoid inconvenience while passing through countries 
which demand these certificates. 


Validity of Certificates of Vaccination against Cholera and Smalipog: 
The validity of a certificate of vaccination against smallpox shall extend: 
for a period of three years, beginning eight days after the date of a 
successful primary vaccination or, in the event of revaccination, on the 
date of that revaccination. 


The validity of a certificate of vaccination against cholera shall 
extend for a period of six months, beginning six days after the injection 
of the vaccine or, in the event of revaccination within such period of six 
months, on the date of that revaccination. In the case of a Haj Pilgrim, 
however, the certificate of vaccination against cholera should indicate 
that two injections have been given at an interval of seven days and its 
validity shall commence from the date of the second injection. 


Authentication of the International Certificates of Vaccination: The 
international certificates of vaccination are required to be authenticated 
with a government approved stamp by the authorities specified for this 
purpose by the Government of India. The authorities to whom such 
approved stamps have been given are mentioned in Annexure IV. No 
fee shall be charged for authentication of certificates. 


The vaccination against cholera and smallpox can be had at any 
local public hospital, dispensary, health centre, or from a registered 
private medical practitioner of modern system of medicine (allopathy). 
Certificate of vaccination obtained from a registered private medical 
practitioner should be authenticated by a government or a municipal 
medical officer having the approved stamp. No fee shall be charged 
for the issue of international certificates for such vaccination if the 
vaccination is performed at any public hospital, dispensary or health 
centre. If, however, such vaccination is performed at a place other 
than a public hospital, etc., a fee not exceeding rupees five mE? charg- 
ed by the government or the municipal medical officer concerned. 


Protection of Persons going from India to Countries infected with Yellow 
Fever: A person going from India to the countries considered as yellow 
fever endemic areas is advised, in his own interest, to get himself protected 
against yellow fever. In India, yellow fever vaccination is carried out 
and appropriate certificates are issued at the centres and by the authorities 


mentioned in Annexure I. 


Sources from which blank forms of International Certificates are available: 
The blank forms of international certificates of vaccination against ycllow 
fever, smallpox and cholera have been bound in booklets. Copies of 
the booklet can be had from the Manager of Publications, Civil Lines, 
Delhi, at a price of one anna per booklet. Authorities mentioned 
in Annexure IV are not to charge the cost of booklets. 
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RESTRICTIONS AGAINST IMPORT OF MONKEYS INTO AND | OR THEIR TRANSIT 
THROUGH INDIA 


For the information of the public, it may be mentioned that the 
Government of India have imposed restrictions against import of monkeys 
into India under certain conditions. 

The import of monkeys into India from yellow fever endemic areas 
or transit of such monkeys through India is prohibited. These restrictions 
also apply to monkeys brought from areas not infected with yellow fever 
unless they are accompanied by certificates from competent health 
authorities of the country of embarkation of the monkeys to the effect 
that they have not been in a yellow fever endemic area during 31 days 
preceding shipment to India. 


_ Monkeys brought to India in contravention of the above mentioned 
restrictions are seized at the port or airport of entry and destroyed. 


ANNEXURE 1 


Satisfactory Certificate of Vaccination 
agalnst Yellow Fever 


__A certificate of vaccination against yellow fever is considered 
valid if the following conditions are fulfilled :— 


(i) The vaccination should have been performed with the vaccine’ 
manufactured at one of the laboratories mentioned below:— 


(a) Yellow Fever Laboratory, Instituto Oswalds Guz, Rio de 
Janeiro, Brazil. 


(b) . Institue de Estudios Especiales Carlos Finlay, Bogota, 
Colombia. 

(c) Wellcome Research Laboratories, Beckenham, Kent, England. 

(d) South African Institute for Medical Research, Johannesburg. 

(e) Pasteur Institute, Dakar (Senegal). 

(f) Institute—Voor Tropische Hygienein Geographische, 
Pathologie, Amsterdam (Netherlands). 

(g) Pasteur Institute, Paris. 

(h) Commonwealth Serum Laboratories, Melbourne, Australia. 

(1) The National Drug Company, Swiftwater Pa., U.S.A. 


(ii) The vaccination should have been performed not less than 
12 days prior to arrival at an Indian airport in the case of:— 


(a) persons vaccinated in a yellow fever infected area; and 
(b) persons vaccinated outside the yellow fever infected area, 


but who had entered the infected area within ten days 
of vaccination. 


The vaccination should have been performed not less than ten days 
prior to arrival at an Indian airport in all other cases. 


In the case of a person coming to India by sea, the vaccination 
should have been performed not less than 12 days before embarkation 
if he is: 


(a) Vaccinated in a yellow fever area; 


(b) embarking from a port situated on the east coast of Africa 
between the northernmost limit of Eritrea and the southern- 
most limit of Tanganyika; 

(c) vaccinated outside a yellow fever infected area but within 
ten days of such vaccination has entered a yellow fever 
infected area or touched at any port situated on the east 
coast of Africa between the boundaries mentioned at (b) 
above. 


t Although the production of yellow fever vaccine has _been discontinued at the 
National Institute of Health, Rocky Mountain Laboratory, National Institute of Health at 
Hamilton, Montana and at the laboratories of the International Health Division, lo 
Foundation, New York, stocks of vaccine prepared by these laboratories can be used for 
vaccination prior to the issue of international certificates of vaccination against yellow fever. 
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In all other cases the vaccination should have been performed not less 
than ten days before embarkation, The maximum period of validity 
of a certificate is six years. 

A person revaccinated before the expiry of the maximum validity 
period of six "years 1s regarded as being satisfactorily vaccinated forth- 
with, If, however, this vaccination is performed after the expiry of the 
said period of six years, the vaccination is regarded as a fresh vaccination 
and in that case either of the minimum periods mentioned above has to 
elapse before the vaccination is regarded as satisfactory. 

(iii) The certificate should be in the international form. 

(iv) The certificate should be signed by the competent authority 
duly authorised by the national health administration of the country 
concerned for this purpose and whose designation has been previously 
notified by the World Health Organisation. 

(v) In India yellow fever vaccinations are carried out and 
certificates of vaccination are issued by the authorities of the under- 
mentioned centres :— 


(a) Haffkine Institute, Bombay. 

(b) All India Institute of Hygiene and Public Health, Calcutta. 
(c) King Institute of Preventive Medicine, Guindy, Madras. 
(d) Central Research Institute, Kasauli. 


(e) Office of the Airport Health Officer, Bombay Airport, 
Bombay-29. 


(f) Delhi State Public Health Laborat 
New Delhi. aboratory, Connaught Place, 


(g) Office of the Chief Medical Officer, Porbandar State. 
(h) Nawanagar State Irwin Hospital, Jamnagar. 
(1) Office of the Port Health Officer, Visakhapatnam. 


ANNEXURE IT 


Yellow Fever Endemic Areas 


The following -countries* of the continents of Africa and America 
are regarded by the Government of India as infected with yellow fever:— 


AFRICA 
Angola. 
Part of the Anglo-Egyptian Sudan lying south of 15% North Parallel 
of latitude. 
Bechuanaland. 
Belgian Congo. 
Cameroons. 
British Somaliland. 
Dahomey. 
Eritrea. 
Ethiopia. 
10. French Equatorial Africa. 
11. French Guinea. 
12. French Somaliland. 
13. French West Africa. 
14. Gambia. : 
15. Gold Coast. 
16. Islands of the Gulf of Guinea. 
17. Italian Somaliland. 
18. Ivory Coast. 


GONT AU Ne 


19. Kenya. 
20. Liberia. 
21. Nigeria. 


22. Northern Rhodesia. 
23. Nyasaland. 

24. Portuguese Guinea. 
25. Senegal. 

26. Sierra Leone. 

27. Spanish Guinea. 
28. Tanganyika. 

29. Togoland. 

30. Uganda. 
31. Upper Volta Territory. 
32. Zanzibar. 


AMERICA 


Bolivia. 

Brazil. 

British Guiana. 
Colombia. 
Dutch Guiana. 
Ecuador. 


gd) MA U n=. 


£ yellow fever occurs in any foreign country that country is declared 
by he pd of India as infected with yellow fever and its name is then included 


in this list. 
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7. French Guiana. 

8. Peru. 

9. Venezuela. 
10. Nicaragua. 
11. Republic of Costa Rica. ; 
12. Republic of Panama including the Panama Canal Zone. 


13. Republic of Honduras. 
Trinidad and Tobago Islands (British West Indies). 


15. Guatemala. 


_ANNEXURE II 


Midi infected with Yellow Fever or 
suspected to be infected with 
Yellow Fever 


An Aircraft is regarded as infected with yellow fever:— 
(i) * If it has a case of yellow fever on board, or (ii) if there has been 
on board a case of yellow fever and the plane has not subsequently been 


disinsected to the satisfaction-of the health officer of the port of arrival 
in India. 


An aircraft shall be regarded as suspected to be infected with 
yellow fever, if it has started from or alighted in an airport in a yellow 
‘fever infected area and has not been disinsected immediately before 
its departure from that airport under the control of the Health authority 
of the airport, or has not been disinsected in another airport subsequent 
to such starting or alighting, and has not obtained a certificate of dis- 
insection from such ‘an officer or body as may be approved from time to 
time by the Government of India for this purpose. The Government 
of India recognise certificates of disinsection issued to aircraft by the 
following authorities :— 


(1) Ministry of Health of the United Kingdom. 

(2) United States Public Health Service. `` 

(3) The Government of Netherlands. 

(4) The Government of the Anglo-Egyptian Sudan. 

(5) The Government of Pakistan. . 

(6) The Government oí Egypt. 

(7) The British Military Administration Eritrea. 

(8) The Government of Norway. 

(9) The Government of Switzerland. , 
(10) Official Representatives of the French Public Health Services. 
(11) The Imperial Ethiopian Government, Ministry of Public Health. 
(12) The Government of Sweden. 

(13) The Government of Ceylon. 
(14) The Government of Israel. 
(15) The Government of Belgium. 


ANNEXURE IV 


Authorities approved by the Government 
of India for Authentication of lnter- 
national Certificate of Vaccination 


The International certificates of vaccination shall be considered 
valid if they are authenticated with a stamp approved by the national 
health administration. The Government of India have distributed, 
through the State Governments, brass stamps of an approved design 
and size to the following :— 


Directors, Deputy Directors and Assistant Directors of Public Health. 

Chief Medical Officers and State Administrative Medical Officers. 

District Medical Officers of Health. 

Civil Surgeons and Assistant Surgeons. 

Medical Officers of Health of Municipalities, Corporations and Local 
Bodies. 

Medical Officers in charge of Government, Municipal and District 
Board Allopathic Hospitals and Dispensaries. 

Presidents and Secretagies of the local branches of the Indian Medical 
Association. 


_ No fee shall be charged by these authorities for authenticating 
the international certificates of vaccination. 
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Air Raids, 786 

ARP organisation in Assam, 800 
Air Raids Shelters, 787 
Akamushi, 600 

Alastrim, 689 

Alcohol, 678, 690 

Amia, 776, 778 

Amoebiasis, 493 

Ameobic, 499, 530 
Amphetamine, 661 
Anaemia, 462, 747 
Anaerobes, 694 
Ancylostomiasis, 462, 463 
Anhidrosis, 523 

Ankylosis of Joint, 747 
Anorexia, 569 

Anthiomaline, 658 
Anthelmintic, 463 
Antimony, 655 

Anti-tetanus serum, 694 
Antitoxin, 662, 695, 697, 698 
Anuria, 529, 530 

Arthritis, 570 

Assam Civil Porter Corps, 792 
Assam Motor Transport, 800 
Assam Relief Measures, 800 
Atropine, 659, 661 
Authentication, 803 
Avitaminosis, 677 


Bacillary, 489, 499 
Bact. Plexneri, 511 

? Bact. Paratyphosum, 556, 558, 696 
Bact. typhosum, 555, 556, 558, 696 
Bacillus protens, 67 
Bacillus pyocyaneus, 673 
Bandicota bengalensis, 609, 615 
Bengal famine, 774 
Bengal rot, 675 
Benzene, 678 
Benzyl Benzoate, 639, 669 
Beri-Beri, 439, 670 
Bevin scheme, 734 
Bismuth Subgall, 678 
Bleaching powder, 777 
Boils, 666, 677 
Boohylis microphylus, 637 
Boric acid, 676, 677, 678 
Breathlessness, 528 
Bronchitis, 583, 588 
Burma refugee organisation, 798 


Caffeine, 661 
Calamine lotion, 677 
Calcium, 553 
Callosciurus, 615 
Calomel, 713, 714, 716 
Calotes versicolor, 607 
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Camphor, 677 

Carbolic acid, 677 

Cardio vascular, 524 

Catarrhal, 559, 560, 567 

Cercariae, 658 

Cheiropompholyx, 664 

Chemical dermatitis, 674 

Chicken-pox, 782 

Chiorbutol, 661, 662, 663 

Chloride, 651 

Chloride Concentration, 523 

Chlorination, 438 

Chlorine, 504, 505 

Cholera, 437, 438, 473, 474, 476 to 480, 772, 
775, 777, 779, 781, 782, 803 

Chorio-allantoic membrane inoculation, 649 

Chronic exfoliative dermatitis, 679 

Civil Hospital, 755, 799 

Civil proneer force, 628 

Civil transport corps, 792 

Clostridium tatani, 693, 694 

Coma, 531 

Compound vitamin tablets, 439 

Condensed milk, 776 

Condoms, 714, 719 

Cottage industry, 630 

Cotton rat-ling vaccine, 641 

Cough, 654 

Cutaneous leishmaniasis, 678 


DBP, 439 

DDT, 436, 485, 491, 492, 502, 599, 650, 651 

Defence of India Rules, 734 

Dehydration, 525, 526, 528, 529, 530, 332 

Dengue, 483, 484, 485 

Dermal leishmaniasis, 664 

Dermatitis, 679 

Derris root 598 

Desert sores, 517, 664, 665, 669, 670, 671 

Deskito, 649 S 

Desquamation, 

erre 434, 451, 478, 479, 487 to 490, 494 
to 503, 506, 508, 509, 511 to 514, 526 
575, 579, 654, 656, 776 

Diphtheroid, 670, 673 

Diplococcus, 466 

Disinfection, 451 

Dissection, (> 721 

Dizziness, i 

Dysentery, 434 to 436, 451, 487 to 504, 506 
to 515, 551, 575, 781 


Ecology, 619 

Ecthymatous sores, 669 

El Tor strain, A, 475 
Electrolytes, 5 e 
Emergency labour legislation, 633 
Endemic areas, 


Entamoeba, 492 
Enteric group of fevers, 437, 491, 545, 546, 547, 
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Enteritis, 511, 512 
Ergotamine, 662, 663 
Erythematous sores, 669 
Erythema, 672 
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Essential supplies, 787 
Ether, 690 
Eusol, 675 _ 607 
ngastia, . 
orejas laurentella Indica, 615, 636 


435, 438, 439, 465 to 469, 495, 546, 
a: 568, 575, 579, 589, 595, 644 to 647, 
654, 718 to 722, 762, 766 to 772, 781, 


802, 803, 805 
Flexner, 493, 509 
Flexner-boyd, 499 
Folliculities, 679 
Formolsaline, 722 
Friars’ balsam, 673 
Fungus infection, 667 
Fusiform bacilli, 670 


Gaertner’s bacillus, 551 

Gahrliepia ligula, 615 

Gahrliepia schongastiella ligula, 613, 636 
Gastro-enteritis, 476, 551, 552 

General reserve engineering force, 795 
Germolene, 673 

Gestroped molluses, 653 

Goitre, 747 

Gonoccoci, 716 

Gonorrhoea, 702 to 704, 706, 709, 715, 716 


‘H’ antigen, 473 

Haemolytic, 474, 672 
Haemaphysalis, 637 
Haemaphysalis leechi var indica, 633 
Haemorragic rash, 682, 688 
Haemorrhoids, 747 

Hazardous occupations, 750 
Headache, 654, 721 
Heat-stroke, 522, 526, 527, 530 
Heat exhaustion, 522, 527, 533 
Heat syncope, 522 

Hepatitis, 571 

Hernia, 747 

Hexamine, 553 
Hexobarbitone, 661 
Histolytica, 656 

Homatropine, 661 
Homologous, 559 

Hongkong foot, 675 
Hookworm, 462, 463, 670 


i-hyoscyamine, 661 
Imperata, 623 
Impetiginous, 677 
Impetigo, 664 to 667, 673 
Import of monkeys, 804 
Inagghutinable, 473 
Indian pioneer corps, 728 
Indoplanorbis exustus, 656, 657 
Infections, 442, 665, 667 
Infective hepatitis, 559 to 563, 566, 567 
Influenza, 583, 585 to 588, 773 
Inoculation, 434, 480, 548, 556, 693 
Insecticidal spray, 649 
Internationa) certificates of vaccination 803 
International travellers, 802 
Isotonic, 523, 525 
Itching, 669 

odes ricinus, 637 


aundice, 559, 560, 567, to 370 
Saale sore, 517, 519, 665, 669, 670 


Kaolin, 676, 677 


Labour, 627, 630, 729, 788, 789 
Labour legislation, 734 

Laelaps, 613 

Lalang cogon, 623 

Lassitude, 471, 528, 529, 530 
Laurentella, 607 

Lenetto wax, 669 

Leprosy, 668 
Leptospira ictero-haemorrhagiae, 560 
Leptospirosis, 563 g 
Leptotrombidium akamushi, 600 
Lethane, 649 

Lice, 439 

Lichen planus, 679 

Liponyssus, 613 ‘ 

Lymnaea succinea, 657 

Lysol, 673 


MacConkey ‘ Difco’ agar, 509 

Malaria, 434 to 436, 446, 451, 456, 494, 495, 
530, 575, 747, 775, 777, 782, 783 

Malnutrition, 435 

Mandelic acid, 553 

Maternity Benefit acts, 735, 736 

Measles, 434, 686 

Medical arrangements for civilian workers in 
war employ, 752, 755 

Medical manpower, 755 

Medical organisation of the Indian tea associa- 
tion, 755 

Medical relief, 752 

Medical relief in factories (other than Govt.)— 
157 

Melanoides tuberculatus, 656, 657 

Meningococcal, 465, 471 

Meningococcal septicaemia, 682 

Meningitis, 434, 467, 470, 471 

Meningococci, 467 to 470 

Menthol, 678 

Mepacrine, 678 

Mercurous chloride ointment, 714 

Mercury cream, 704 

Methedrine, 661 

Methylthionine, 651 

Micrococcus catarrhalis, 587 

Micturition, 530 

Military Engineering Service, 729 

Mines, 741 

Miracidia, 656 

Mortality rates, 745 

Mosquitoes, 438, 451 

Multicide, 649 

Mumps, 434 

Mycotic, 665 

Mycotic infections, 674 


N. Punjabensis, 637 
Naphthalene, 598 
Naso-pharyngitis, 589 
Nasopharynx, 468, 573 
Nausea, 471 

Necrotic ulcer, 670 
Neoarsphenamine, 570 
Neohalarsine, 570 
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Oliguria, 529 
Osmatic pressure, 525 
Otitis media, 747 
Ovalis, 657 
Oxnithosis, 586 


Pantropic attenuated virus 17 D, 721 
Parasthesia, 530 
Paratyphoid, 545, 551, 555, 557, 768 
Pathogenic fungi, 673 
Pedis, 674 
Pediculuscapitis, 596 
Pediculus corporis, 596 
Pediculus Humanus, 596 
Pemphigous, 677 
Penicillin, 685, 716 
Perchloride, 518, 713, 714 
Pharyngitis, 583 
~Phlebotomus minutus, 648, 650, 651 
Phlebotomus papatassi, 648 
Phlebotomus parroti, 651 
Phenobarbitone, 661 
Plague, 440, 642, 772 
Pneumococcus, 587 
Pneumonia, 583, 585, 586, 589, 602 
Poliomyelitis, 573 to 581 
Polyneuritis, 517 
Postvaccinal encephalitis, 689 
Potassium permanganate, 469, 551, 675, 713 
Precipitated sulphur, 676, 677 
Prickly heat, 665, 666, 677 
Prostatitis, 716 
Protein hydrolysates, 778 
Protozoal, 489, 
Psittacosis, 586 
Psychosomatic, 532 
Pulmonary disability, 751 
Pustular form, 677 
Pyogenic, 664, 667, 677 
Pyorroea, 747 
Pyracetone, 649 
Pyrethrum, 599, 780 
Pyrexia, 602 
Pyrocide, 649, 721 


Quarantine requirements, 763 
Quinine, 777 


Railway workers, 741 
Rattus rattus, 609, 615 
Rattus rattus brunneusculus, 609, 612 
5 sy bullocki, 609, 612, 615 
sty oe kandivanus, 630 
Resistant seborrhoeic, 679 
Rickettsia 439, 596 
ia Mooseri, 596, 637 
qe Orientalis, 599, 636, 637 
"m Prowazeki, 596 


sy Tsutsugamushi, 599, 600, 607, 608, 


611, 612, 613, 614, 615, 626 
Rheumatiod, 570 
Rhipicephalus Haemaphysaloides, 637 
a Sanguineus, 637 
Ringworm, 664, 673, 674, 675 


Saccharum, 623 

Salmonella typhimurium, 635 
Sandfly, 451, 531, 648, 649 
Sanitation of refugee camps, 787 


Sanitation of aerodrome areas in Assam, 796 
Scabies, 665, 666, 668, 783 
Schistosoma cercariae, 657 


" haematobium, 653, 654, 656, 657 
y3 Japonicum, 656 
Mansoni, 654, 656, 657 
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Schistosomiasis, 653, 654, 656, 657, 658 

Schongastia, 600 

PR maldiviensis, 607 

Schuffneri, 600 

Scurvy, 435, 439 

Seasickness, 659, 661 

Seborrhoeic dermatitis, 679 

Shigella paradysenteries, 510 

Shinga, 493, 499 

Silver nitrate jelly, 714 

Silver salts, 713, 714 

Singapore foot, 675 

Skin diseases, 440, 664, 747, 751 

Smallpox, 435, 440, 681, 682, 684, 685, 686, 
687, 688, 768, 775, 782, 80 

Social legislation, 734 

Sodium chloride, 525, 527, 542 

Sodium propionate, 676 

Sodium sulphate, 463, 464 

Sodium thiosulphate, 570 

Soft chancre, 702, 706, 715 

Sonne babillus, 499, 501, 509, 512 

Sorghum, 623 

Starch, 676, 677 

Staphylococci, 672, 673, 677 

Stibophem, 658 

Streptococcus, 587 

Sulpha drugs, 436, 470, 495 

Succinyl-sulphanthiazole, 510, 511 

Sulphadiazine, 470, 471, 514, 589 


Sulphaguanidine, 481, 496, 499, 506, 508 te 514 


Sulphanilamide, 510, 590 
Sulphapyridine yeas 693), 405, 470, 510, 


Sulphonamide, 466, 469, 507, 512, 716, 782 
Sulphasuxidine, 509 

Sulphur ointment, 669 

Sulphuric acid, 649 

Suncus coeruleus, 609 

Suncus eriffithi, 609 

Sunstroke, 522 

Syndrome, 532 

Syphilis, 559, 702, 703, 704, 706, 709 


TAB vaccine, 553 to 558, 772 
Tachycardia, 529 

Tartar emetic, 658 

Technical training schemes, 734 
Tetanus, 435, 692, 694, 697, 698 
Tetanus toxoid, 693 to 696 
Tetanus antiioxin, 693 

Tick, 596, 637 

Tincture benzoin, 673 

Tincture iodine, 673 

Tinea capitis, 674 

Tinea circinata, 6/5 

Tinea corporis, 675 

Tinea crusis, 674, 675 

Tinea infection, 440, 664 

Tinea interdigitalis, 675 
Tinnitus, 471 

Tonsillitis, 518, 583, 585, 587, 588 
Toxaemia, 682 
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Trachoma, 747 
Trauma, 670, 672- 
Trichophyton gypseum, 674 
Trombicula, 600, laris 623 
Trombicula acussuteilaris, 
Trombicula akamushi, 601, 608, 611, 613, 642 
Trombicula deliensis, 601, 606, 607 to 611, 
613, 615, 616, 618, 
619, 620, 623 to 626, 
630, 636, 642 
Trombicula intermedia, 612, 613 
Trombicula palpalis, 612 
Trombicula scutellaris, 613 
Trombiculid ectoparasite, 642 
Tropical ulcers, 670 
Tsutsugamushi, 613, 641 
Tuberculosis, 747 
Tupaia Belangeri belangeri, 609, 615 
Typhoid, 451, 551, 555, 768, 782 
Typhoid bacilli, 552, 553 
Typhoid paratyphoid vaccine, 556, 694 
Typhus, 435, 439, 596 to 598, 601, 603, 605 
606, 612, 613, 618, 619, 622, 623; 
624, 631, 633, 635, 638, 641, 642, 
772, 783 


Ulcers, 670 
Uraemia, 526 
Urethra, 713 
Urethritis, 702 
Urticaria, 654 
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Vaccination, 440, 681, 683 to 688, 690, 803, 
805, 810 

Vaccine, 440, 779, 781, 785 

Varicose veins, 747 

Variola virus, 689 

Vasoconstriction, 529 

Venereal diseases, 434, 439, 666, 699 to 705, 
708 to 710, 712 to 715, 747 

Vibrios, 473, 474 

Vitamins, 776 

Vivipara bengalensis, 656 

Volatile antiseptic, 690 * 


War Injuries (Compensation Insurance) Act 
1943, 735 

War Injuries Ordnance, 735 

Water sterilising tablets, 438 

Welfare problems in hazardous occupations, 


7 
Welfare problems of the worker, 748 


Xenopsylla brasiliensis, 642 
Xenopsylla choepis, 637 


Yeast extracts, 776 
Yellow fever vaccine, 438 


Zenker's solution, 722 
Zinc oxide, 676 


